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ABSTRACT

The purpose of this report is to provide data, methods, and results ¢f
preclosure radiological calculations to support salt site evaluations on the
basis of the U.S. Department of Energy (DOE) final siting guidelines (10 CFR
Part 960). The data and methods portion is of sufficient detail to enable a
reader to derive the values used and reported here. The results are presented
for easy comparison with pertinent radiological regulations.

Thé regulations applicable to this discussion are found in 10 CFR Part
60, which defers to 10 CFR Part 20, and in 40 CFR Part 191. The regulations .
cover both offsite radionuclide concentrations and doses. The comparisons
required by the DOE guidelines include 10 CFR Part 20 concentrations and
40 CFR Part 191 doses. To lend further insight into the radiological impacts
of the presence of a high-level nuclear waste repository at a specific loca-
tion, analyses of population doses and accident doses have been included.

All concentrations and doses are found to be well below applicable

" standards.

: =

NOTICE TO READER

This document is a revision of the August 1984 report of the same name.
The reader will notice two major differences in the results presented in the
reports. First, and most important, is the incorporation of disassembly of
spent fuel assemblies as the preferred handling option during the operational
phase. This assumption replaces the earlier "spent fuel damage during trans-
port scenario" as the major contributor to the normal oper; Ational source term.
Second, the ingestion pathway dose was evaluated dlfferentxx Additional
site- spec1flc data were used to refine agricultural parameteﬁs used in the
analysis. Also, the population ingestion dose was calculated! for each crop
type, based on the number of people fed by that particular crop. The earlier
version used agricultural parameters only loosely based on field data, and the
crop type was assumed to affect everyone in the assessment area.
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FOREWORD

The National Waste Terminal Storage (NWTS) program was established in
1976 by the U.S. Department of Energy's (DOE) predecessor, the Energy Research
and Development Administration. In September 1983, this program became the
Civilian Radioactive.Waste Management (CRWM) Program. Its purpose is to
develop technology and provide facilities for safe, environmentally acceptable,
permanent disposal of high-level waste (HLW). HLW includes wastes from both
commercial and defense sources, such as spent (used) fuel from nuclear power
reactors, accumulations of wastes from production of nuclear weapons, and
solidified wastes from fuel reprocessing.

The information in this report pertains to the radiological studies of
the Salt Repository Project of the Office of Geologic Repositories in the CRUWM
Program. 4
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1.0 INTRODUCTION
W

The purpose of this report is to,prSVide data, assessments,; and results
of the preclosure radiological calculations to support salt site evaluations.
The data and assessment portion should be of sufficient detail to enable a
reader to derive each number used and reported here. The results portion
should be of sufficient clarity and appropriateness to enable a judgment to be
easily made concerning a repository operation's compliance or noncompliance
with radio;ggical regulations.

N

The scope of regulations necessarily addressed includes any that pertain
to the release of radioactive material to an unrestricted area during the pre-
closure phase of operation. This scope encompasses both U.S. Nuclear Regula-
tory Commission (NRC) and U.S. Environmental Protection Agency (EPA) preclo-
sure regulations. Title 10, Code of Federal Regulations (CFR), Part 960,
"General Guidelines for the Recommendation of Sites for the Nuclear Waste
Repositories; Final Siting Guidelines," lists the applicable standards (intro-
,duced in Appendix A):

Any proJjected radiological exposures of the general public and any
projected releases of radioactive materials to restricted and unre-
stricted areas during repository operation and closure shall meet
the applicable requirements set forth in 10 CFR Part 20, 10 CFR
Part 60, and 40 CFR Part 191, Subpart A.

The NRC requirements as stated in 10 CFR Part 20 and 10 CFR Part 60 are
discussed. This entails the calculation of the concentrations of the radionu-
clides released to the environment and how they compare to the standards. The
requirements of the EPA, as'stated in 40 CFR Part .191, which deals with the
limits on radiological exposure of the general public, are discussed. Popula-
tion doses and doses resulting from accidental releases are calculated. These
calculations are not required by the regulations but provide additional
insight into the radiological impacts of a repository in the preclosure phase.
All the appropriate calculations are performed for six sites. The sites
include Deaf Smith County and Swisher County in Texas; Richton Dome and
Cypress Creek Dome in Mississippi; Vacherie Dome in Louisiana; and Davis
Canyon and Lavender Canyon in Utah. For the purposes of this assessment, the
two sites In Utah are treated-as the same site and referred to as the Utah

site. It should be noted that occupational radiation exposures are beyond the
scope of this document.

NOTICE TO READER

This document is a revision of the August 1984 report of the same name.
The reader will notice two major differences in the results presented in the
reports. First, and most important, is the incorporation of disassembly of
spent fuel assemblies as the preferred handling option during the operational
phase. This assumption replaces the earlier "spent fuel damage during trans-
port scenario" as the major contributor to the normal operational source term.
Second, the ingestion pathway dose was evaluated differently. Additional
site-specific data were used to refine agricultural parameters used in the

&
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analysis. Also, the population ingestion dose -was calculated for eaqh'crop

type, based on the number of people fed by-that particular crop.

version used agricultural parameters only loosely based on field data, and the

erop type was assumed to affect everyone in the assessment area.
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" 2.0 U.S. NUCLEAR REGULATORY COMMISSION REQUIREMENTS

Title 10, Code of Federal Regulations (CFR), Part 60 sets no new radio-
logical limits, but rather references 10 CFR Partﬂzo. Part 60 states:

0 The geologic repository operations. area’/ shall.be designed so that {
I until permanent closure has been completed, radiation exposures and \
radiation levels, and releases of radiocactive materials to unre- :
stricted areas, w111 at all times be maintained within tke limits

specified in Part 20 of this chapter...:

Sections 20.105 and 20.106 of 10 CFR Part 20 contain the U.S. Nuclear
Regulatory Commission's (NRC's) numerical limits for radiation exposures and
releases of radioactive material in“unrestricted areas. The former, entitled
"Permissible Levels of, Radlation in Unrestricted Areas," states:

There may be inecluded in any application for a license or for amend-

ment of a license proposed limits upon levels of radiation in unre-

stricted areas resulting from the applicant's possession or use of ;y

zradioactive material and ovher sources of radiation. Such applica-

tions should include information as to anticipated average radiation

levels and anticipated occupancy times for each unrestricted area

involved. The Commission will approve the proposed limits if the

applicant demonstrates that the proposed limits are not likely to

cause any individual to receive a dose to the whole body in any

period of one calendar year in excess of 0.5 rem. @

This standard means that the dose to the maximum exposed individual can-

not exceed 0.5 rem (500 mrem). The U.S. Environmental Protection Agency (EPA)
preclosure limits are more stringent than this.

The NRC standards of concern are those limiting the release of radio-
active material to an unrestricted area during the preclosure phase;
Section 20.106, entitled "Radioactivity in Effluents to Unrestricted Areas,"
states:

A licensee shall not possess, use, or transfer licensed material so
as to release to an unrestricted area radiocactive material in con-
centrations which exceed the limits specified in Appendix B,

Table II of this part, except as authorized pursuant to

Section 20.302 or paragraph (b) of this seetion. For purposes of
this section, concentrations may be averaged over a period not
greater than one year.

JThe numerical limits ineluded in the referenced table are for maximum
permissible concentrations (MPCsLﬁ
2.1 RADIOLOGICAL SOURCE TERMS

The first input into the concentration calculations is the source term.’

The source term consists of the list of the specific radionuclides released
and release rates that are expected during construction, operation, and



closure of the repository raci;ity. Releases during the construction phase
are expected to result from salt excavation activities only. Releases during
the operational phase will result from both salt excavation and waste handling
activities. Appendix B contains a memorandum which documents the origin of
these source terms.

2.1.1 Releases Associated With Salt Excavation

‘ During the excavation of salt from the repository vault, it is expected

that the release of naturally oerurring radionuclides contained in the salt
will be enhanced. The main radionuclides of interest here are radon (222Rn)
and thoron (220Rn) and their progeny. The excavation of the salt is expected
to last the 8 years of the construction phase and continue into the 26-year-
. long operational phase. Since the emanation of radon and thoron is expected
" to oceur from the mine and the pile of excavated salt, the release of natural
radionuclides will last 34 years.

When radon and thoron gas emanate from the rock, their decay products
become available for dispersion in'the atmosphere. As the radionuclides con-
tinue to decay, the progeny begin to equilibrate with the parents. The magni-
tude of equilibrium disruption of the radon and thoron progeny is dependent on
the extent to which the parents and progeny remain as components of the same
system. Instead of ‘calculating a value for the amount of this disruption, it
was assumed that all the decay products were in a 1:1 equilibrium with the -
entire activity of radon and thoron in the salt, i.e., there is no equilibrium
disrupticii. Although it is recognized that this is not a realistic picture of

the release of the natural radionuclides, the release values generated repre-

sent the largest possible values and, therefore, represent a bounding situa-
tion. Appendix B includes a calculation of the equilibrium distruption that
would actually be expected during salt excavation. The calculation also shows
that the release values chosen for the analysis do represent bounding values.

The expected release values for the individual radionuclides were.calecu-
lated as follows: . f ,

1. The expected total releases of radon and thoron from the mining of
30 million metric tons of salt, as documented in the final: environ~
mental impact statement (FEIS)“’, were used as a base for the
calculation. ) %/

Pl ) , : /

2. The activities of radium-226, the_precﬁ%sor to,pﬁaon, and
-radium-224, the precursor to thoron, were calcplated?¢>5ecu1ar
equilibrium between the-radon and thoron andfﬁheiglprééursors was
assumed. rd

3. The activities of the radon and thoron-progeny were then calculated
assuming secular equilibrium with the radium-226 and radium-224.
These values comprise the total amount of the radionuclides
released. ' .

~Table 2-1 shows the expected releases from salt excavation. These -

releases will exist during both the construction and operational phases of the

K
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Table 2-1. Salt Excavation Radionuclide Eﬁissions

[+]

———
et——

Annual Release, . Release Rate,
Radionuelide - curies (Ci) ° Ci/s

222p,  2.9x 107 9.2 x 1012
218py 2.9 x 10-4 , 9.2 x 10°12
214py | 2.9 x 1074 9.2 x 10712
214y 2.9 x 1074 9.2 x 10712
214p, 2.9 x 1074 9.2 x 10~12
210pp 2.9 x 10-4 g2y 10-12
210p4 2.9 x 10°¥ 9.2 x 10-12
210p0 2.9 x 1074 9.2 x 10712

" 220Rn 2.2 x 1074 7.0 x 10-12
216po 2.2 x 1074 | 7.0 x 10-12
212py 2.2 x 10-4 7.0 x 10-12
212p; A 2.2 x 1074 7.0 x 10-12
212p, 1.4 x 10~4 | 4.4 x 10712
20874 CT.8x 1075 2.5 x 1012

' repository. The release rates listed in the table assumes that the total
release occurs at a continuous rate for the 34 years.

2.1.2 Releases Associated With Waste Handling

During the routine operation of the repository, there is expected to be
releases of radioactive material other than the naturally oceurring nueclides.
These releases originate from the disassembly of the spent fuel elements. The

assembly so that the individual rods may be placed in canisters in a geometri-
éa11¥ efficient manner. Based on a study by the Nuclear Assurance Corpora-
tion 2), a damage rate for fuel cladding during the'disassembly operation has
been gstablished. The four radionuelides listed in Table 2-2, 3y, 14c, 85k,
and I, represent ‘the volatile fission gases that will be released in the.
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Table 2-2. Waste Handling Radionuclide Emissions

Annual Average Maximum Annual ‘

Radionueclide Release, curies Release, curies ' .
34 3.2 x 107 5.6 x 101
LV 2.6 x 1071 4.4 x 1071
85kr 1.9 x 10t 3.4 x 104
1291 3.2x 1072 . 5.6 x 1072

event of cladding damage. The actual release values were calcuiated aé
follows (see Appendix B): . : /

1. The spent fuel is 6.5 years out-of-reactor.

2. A damage fraction of 0.005 was established. This is based on the
conservative assumption that 1.0 percent of the rods stick within

the assembly. It is also assumed that 50 percent of the stuek rods
are damaged as they are forced out of the assembly.

3. The number of damaged rods that can be expected in 1 year is ecaleu-
lated by multiplying the number of rods received per year by the
damage fraction. The maximum annual release; used in the MPC calcu-
lations, is calculated based on the maximum number of rods expected
in 1 year. The average annual release, used in the dose assessment
caleulations; is based on an average annual rod receipt rate,

4. The amounts released are determined by multiplying the number of =

* damaged rods, either maximum or average, by the emission from the
damage of one rod. . : N .

. The values listed in Table 2-2 are based on the receipt of only spent
fuel as a'waste form. While other designs call for the receipt of vitrified
waste, the assumption of 100 percent spent fuel as the waste form bounds the
release. This is the case since there are no routine operational releases

associated with precanistered, vitrified wastes because of the absence of the
volatile radionuclides.__i- :

2.1.3 fOther'Releases

Another release that might be expected during thé,precibéureuphgzévis; |

attributedffOche'damage of rods during the transportation of the. fuel to the

- repository site. It is expected that as many as six rods per year could be . - °

damagedjvié’this‘scenario;"Since the operational source term considers the

v
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damage of 6,400 rods per year, this term is considered insignificant and was
not included in the analysis.

Releases of radioactive material may also be attributed to the deéommis-
sloning and closure of the repository facility. This release is not consid-
ered here because of the absence of a repository decommissioning data base,

radioactiv? ?missions during decommissioning will be far less than during
operation. For instance, it has been estimated(4) that during the complete
dismantling of & 1,175-megawatt electric (MWe) pressurized-water reactor, only
85 microcuries (uCi) of radioasetive material would be released to the envi-
ronment. Even though there is a difference between a reactor and a reposi-
tory, the reactor analogy appears to be appropriate to provide an estimate of
the upper bound for potential repository impacts. This is the case since
release values are expected to be much smaller in the case of the repository,
partially because there will be less residual mobile contamination at a repos-
itory than at a power reactor. . ‘ )

2.2 METEOROLOGY

All of the expected releases from repository facilities during the pre-
closure phase will be airborne releases. For the purposes of the concentra-
tion and dose calculations, the atmospheric transport and dispersion of the
radionuclides must be modeled. For this modeling to be done for the sites,
site-specific meteorology;must be known. Data such as wind speed, Pasquill
stability eclass frequency, and material release heights are used to calculate
the dispersion characteristiecs. '

The atmospheric dispersion submodel within the computer code DACRIN(5) ig
used to model the atmospheric transport of the radioactive material. This
code uses the following equation: .

= —0Q 2/25.,2
= ———— exp(-he/20 -
X TuoyG, z) (2-1)

where

ground-level concentration, Ci/m3

radionuclide release rate, Ci/s

‘annual average wind speed, m/s

horizontal dispersion coefficient, m

vertical dispersion coefficient, m

3.1415,.., :

keight from which the radionuclide is released, m

Q =
B AN £ Ox

Tab1é02-3 shows the stability class frequency for the areas of con-
cern. (6,7,8) “Note that in the areas where there are more than one site (Texas
and Mississippi), the sites are assumed to have similapr meteorology. This

 similarity in meteorology is the case since the sites are relatively close to

one another and the meteorological data used are for a major city near the
sites. The stability class with the highest frequeney for each of the sites
is one of the inputs in DACRIN. For the case of the Utah site, a stability

f
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Table 2-3. Atmospheric Stability Class Distributions

Stability Frequency, %
Class Texas Utahlal Mississippi - Louisiana
A 0.3 0.0 1.1 ‘ 1.0
B 2.0 0.0 7.9 7.0
c 9.1 0.0 12.2 128
D 68.8 0.0 20.2 ?1;4
E 14,7 0.0 20.0 20.8
F 5.1 100.0 38.6 37.0

(a) A stability class of F is assumed for the Utah éite;

R



Table 2-4. Calculated X/Q Values for Normal Conditions

o

: X/Q, s/m3
Distance, m(2) Texas Utah Mississippi Louisiana

Ground Level (0-Meter) Release

240(b) 2.75 x 10°%  8.85 x 10-3 2,68 x 10°3 2,33 x 103
B,O4S T893 x 10T 3.15 g 1075 9.55 x.10°6 8,29 x 10-6
24,135 2.01 x 1077 8,51 x 106 2.58 x 1076~ 2,24 x 10-6
40,225 9.62 x 108 4.63 x 10°6 1.40 x 106 1,22 x 10-6
56,315 6.16 x 10-8 3.18 x 1076 9.63 x 10°7  8.36 x 10~7
72,405 4,49 x 1078 2.41 x 1076 7.32x 1077 6.35 x 10-7
Maximum 2.75 x 1074 8.85 x 10-3 2.68 x 103 2.33 x 10-3
Average 1.34 x 1075 3.91' x 1074 1.08 x 104 1.06“x 1074

61-Meter Release

240(b) 3.67 x 10-12 0.0 0.0 0.0

8,045 791 %107 1016 % 1075 3.51x% 106 3,05 x 10-6

24,135 1.93 x 10°7 5.34 x 1076 1.62 x 1076 1,41 x 106

40,225 9.40 x 10-8 3.31 x 1076 1.00 % 10-6 8.70 x 107

56,315 6.06 x 10~8 2.40 x 1076 7.26 x 1077 6.31 x 10-7

72,405 4.43 x 10-8 1.88 x 1076 5.71 x 107 4,96 x 10-7 ]
Maximum 4,32 x 1076 1.30 % 10°5 3.94 x 1076 3.43 x 1076 k&ﬂ
Average 4.87 x 1077 * 4.86 x 10-6 1.56 x 1076 1,38 x 106 Sy
Stability D F F F

Class
Mean Wind 6;1 1.0 3.3 3.8

Speed, m/s ~

(a) Represent midpoints of five 10-mile-wide annuli.
(b) Site boundary.



class of F and an average annual wind speed of 1 m/s is assumed. These
assumptions represent a worst case for the meteorology and is used since the
meteoirology within the canyons is diffi%ult to determine without site-specific
data. Table 2-U4 shows the other inputs(6,7,8) into DACRIN and the dispersion
(X/Q) values that were calculated by the code for the four areas of interest.
The two release heights shown represent the release heights of the twr source
terms. The natural radionuclides are released from ground level, i.e., from
the mine ventilation and the salt pile; and the operational nuelides are
relgased from 61 meters, i.e., from the exhaust stack of the fuel handling
facllity.

!

2.3 MAXIMUM PERMISSIBLE CONCENTRATION ANALYSIS

The phenomenon being characterized in this analysis is the atmospheriec
dilution of the radionuclides being released. Applying the dispersion values
to the radionuclide emission rates will enable the caleculation of the dilution
and, therefore, the concentrations of the released material at particular
points in the region. Since there are ‘two release points, local maximum X/Q
values occur at two different locations. Therefore, the concentrations were
caleculated for points between the two maximum points to see where a combined
maximum X/Q existed. For the purposes of this calculation, dispersion values
for the Utah site were used since it can be seen in Table 2-4 that these

values will yield the greatest concentrations. The steps of the calculation
are: .

1. An emission rate is established for each radionuclide by dividing

-+ the annual release rate for each nuclide by the number of seconds in
1 year. This is done because the regulations allow for the averag-
ing over the period of 1 year. The maximum annual release values
for the pperational source term are used. The resulting emission
values are in micrncuries per second after converting from curies.

2. The emission rate is then multiplied by the X/Q for the distance for
which the caleulation is being made. This yields concentrations in
microcuries per cubic centimeter at that distance. The distances
used were 240, 1,000, 2,000, 3,000, 4,000, and 5,000 meters. (The
240- and 5,000-meter distances represent the maximum X/Q points for
the ground level and 61-meter releases, respectively.)

3. The concentrations for each radionuclide are then divided by their
respective MPC values. These concentration-to-MPC ratios are then
summed for every radionuclide. The NRC standard states that the sum
of these ratios must be less than or equal to unity.

Table 2-5 shows the results of this calculation at 5,000 meters. This
poini is where the maximum sum of the concentration-to-MPC ratios occurs. The
sum at this point is 0.05. This means that the repository facility combined
releases during the opsrational phase are only 5 percent of the limit. This
analysis was done only for the operational phase since the releases during
that time are always greater than during the construetion phase. Table 2-5
also shows that 85Kr is the only radionuclide that approaches the MPC limit.
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Table 2-5.

10 CFR Part 20 Maximum Permissible
Concentration Comparison

: Sum of
Emission Rate, Concentration,(a) MPC, Cone-to-MPC
Radionuelide " uCi/s uCi/em3 uCi/em3 Ratios
Waste Handling
34 1.7 2.2 x 1011 2 x 1077 1x 1074
¢ 1.4 x 1072 1.9 x 10~13 1x 1076 2x10°7
85kn 1.0 x 103 1.3 x 10-8 3x 1077 5 x 10-2
1297 1.7 x 10°3 2.2 x 10~ 2 x 10~ 1x 10-3
5 Salt Execavation
222pp 9.2 x 10-6 1.8 x 10-15 3 x 1079 6 x 10°7
214py 9.2 x 10-6 1.8 x 10-15. 3 x 1076 6 x 10-10
214y 9.2 x 1076 1.8 x 10715 3 x 1076 6 x 10-10
210py, 9.2 x 10-6 1.8 x 10~15 b x 10712 5 g 04
21053 9.2 x 1076 1.8 x 10-15 2 x 10-10 9 x 1076
210po 9.2 x 1076 1.8 x 10-15 2 x 1011 9 x 1075
220Rn 7.0 x 10-6 1.4 x 10-15 1x 10-8 1 x 10-7
212pp 7.0 x 1076 1.4 x 10-15 6 x 10-10 2 x 106
2ilgy 7.0 x 10°6 1.4 x 10-15 3 x 1079 5 x 10-7
20873 2.5 x 106 5.5 x 10715 3 x 1076 2 x 1079

Operational Total = 5 x 192

(a) The X/Q values used to calculate the concentrations were:

For 3H, T4c, 85kp, ang 1297,
For all other radionuelides:

11

1.3 % 10°11 s/cm3.
2.0 x 10°10 g/em3,
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‘ Host of the radionuclides are well below their limits. Note that the radio-
nueclides 218po, 214po, 216po, and 212po were excluded from the calculation
because of their short half-lives. It is assumed that they decay before they

reach the unrestricted area.
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3.0 U.S. ENVIRONMENTAL PROTECTION AGENCY REQUIREMENTS

The U.S. Environmental Protection Agency (EPA) preclosure requirements
are documented in 40 CFR Part 191. These standards were developed for appli-
cation to'a high-level nuclear waste repository. Regulation 40 CFR 191.03
states:

- g

. = N //
Management and storage of spent nuelear fuel or high-level or transuranic
radicactive wastes at all facilities regulated by the Commission or, by
Agreement States shall be conducted in such a manner as to provideﬁ%ea-
sonable assurance that the combined annual dose equivalent to-any member
of the publiec in the general environment resulting from: (1) discharges

storage and (2) all operations covered by Part 190; shall not exceed
25 millirems to the whole body....

It can be seen here that the limit established by the EPA, 25 mrem/yr
to the whole body, is much more stringent than the U.S. Nueclear Regulatory
Commission (NRC) limit of 500 mrem/yr to the whole body. Therefore, the
objective of this section is to illustrate the calculations used and how the
results of those caleculations compare with the 25-mrem limit. It must be
shown that the dose equivalent resulting from the repository releases are only
a small fraction of the limit, so, when combined with doses from other faecili-
ties regulated under 40 CFR Part 190, the limit is not surpassed. Note that
this limit is an annual limit which applies tqythe maximum exposed individual.

The caleulations involved in the dose assessment concern the evaluation
of exposures through three pathways. These are the ingesticn of food that has

been contaminated with radionuclides, submersion in the plume that contains
the radioactive material, and the inhalation of contaminated air. It is

3.1 MAXIMUM EXPOSED INDIVIDUAL DOSE ASSESSMENT

3.1.1 Food Ingestion Pathway v 7

One pathway for the exposure of the general public te radiation is
through the ingestion of food that has been contaminaf 23d by radioactive

. material. The contamination can oceur from the direct deposition of radio-

plants contaminated with the radionuclides.  In the case of uptake by animals,
once ingested!into their system, ‘the material is transferred to the flesh or
the milk of the animal which is then consumed by people. To evaluate this
exposure pathway, the types of crops and animals raised in the area of the
site must be known. Agricultural parameters such as growing periods, storage
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times, acreage, and crop yields must also be known so that the radionuclides
can be properly accounted for in the food chain.

. The computer code_PABLM(g) has been used to model the ingestion pathway.
PABLM includes a large number of biosphere pathway submodels that are used to
evaluate the transport of radionuclides through terrestrial pathways. The e
code is capable of handling 19 ingestion pathways, including vegetable erops,
grains, animal products, seafood, and water. Also, four external exposure
pathways can be assessed, ineluding exposure from field deposition and water
recreation.

For all exposure pathways, radionuclides can bz specified to be deposited
over an extended period of time and are assumed to be removed from the soil
only by radiocactive decay. Leaching from the soil and other. removal mechan-
isms which could act to decrease exposure are not taken into account.

PABLM can take into consideration both waterborne radionuclide releases
and airborne releases; the latter is the expected case for the preclosure
operations of the repository. The code uses dispersion parameters, X/Q
values, to calculate the deposition rate of the radionuclides onto the plants
and soil. Plant accumulation factors, built into libraries in the code, are
used to relate the concentrations ‘deposited to the concentrations in the’
plants. The concentration of nuclides in animal produets, such as milk and
meat, depends on the animals' consumption of contaminated forage and the
radionuclide concentrations in that forage. The ultimate exposure to humans
is dependent on the rate at which the contaminated food is ingested and the
radionuclide concentration in the foodstuff at the time of ingestion, which is
dependent on the radioactive decay during storage of the food.

In calculating the internal dose to an individual, the code can model the
exposure to any of 23 organs and from 100 radionuclides in a mixture. The
organ doses are based on the model documented in Internaticnal Commission on
Radiological Protection (ICRP) Publication 2(10) fop internally deposited
radionuclides. The 1-year dose or a dose commitment from an extended release
can be caleulated. Also, the dose to the maximum exposed individual or the
exposure to a population can be computed.

The external exposure pathways also use the concentration of the ©
deposited nuclides. Using external dose conversion factors, and time in con-
tact with the external radiation fields, i.e., time spent swimming in con-
taminated water or time working in contaminated fields, the code calculates an
external exposure. In the case of the radionuclides that are of concern
during preclosure, those pathways do not contribute to the overall dose.

The code outputs the dose by organ and radionuelide and by”organ and food
type in a cabular form. : .
. > I =

Some of the agricultural;inputs(11,12,13,14,15,16,17,18,19) into PABLM
for the salt repository sites are shown in Tables 3-1 through 3-5. Note here
that the Richton and Cypress Creek sites in Mississippi are treated as dne
site because the close proximity of ,the sites to one another made it imﬁbssi—
ble to distinguish any differences in most of the input parameters for the two

sites. Where there were differences, the input that would yield the higher

dose was used. These inputs were developed as follows:

'\\
'\
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* Growing Consumption 4 | °
Aeres Grown, Pericd, Yield Rate, Affected
Food Type thousand days kg/m2 kg/yr/person  Population
Leafy veg. 0.47 90 2.6 4.5 217,000
Other above- 0.34 60 1.0 1y 125, 100
ground veg. ' ‘
Potatoes 2.91 90 2.4 24.6 217,000
Other root 2.30 90 2.5 9.9 217,000
. .veg. :
Melons 0.98 90 1.3 7.8 217,000
Wheat ' 270.9 90 0.1. 54.0 217,000
Other grain 22.1 90 0.3 4.0 ' 217,000
Animal Product, . //
million kg '
Milk 22.0 90 1.1 111.4 197,500
Beef 193.2 90 1.1 35.2 217,000
Pork  5.40 .~ 90 1.1 28.9 187,000 ]
Poultry 0.31(a) 90 1.1 28.6 " 10,900 y
. : 7
Iy
) n . 7
(2) Calculated value, based on 5 percent criterion. ; o ‘ //
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Table 3-2. Swisher Ingestion Pathways Input Data r
s -
Growing Consumption
Acres Grown, Period, Yield Rate, Affected
Food Type thousand . days kg/me kg/yr/person  Population
Y : ,
Leafy veg. 0.47 90 2.6 14.5 248,000
& Other above- 4.03 60 1.1 6.3 248,000
ground veg.
Potatoes 7.63 90 2.4 24.6 248,000
Other root 4,08 90 2.5 9.9 248,000
veg.
Melons 1.24 90 1.2 7.8 ’ 248,000
Wheat : 214,0 - 90 0.1 54.0 248,000 ;
Other grain 1.9 90 0.3 4.0 248,000
Animal Product, ‘ |
million kg " !
Milk 21.4 90 .- 1.1 111.4 191,800
Beef | 177.0 90 1.1 35.2 248,000
" Pork - 4.35 90 1.1 - 28.9 150,400
Poultry 0.35(a) 90 1.1 28.6 12,400

(a) Calculated value, based on 5 percent criterion.

[
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’ o
Table 3-3. Utah Ingestion Pathways Input Data
Growing ~ Consumption . :
Acres Grown, Period, Yield Rate, Affected
Food Type | thousand days -kg?m’? kg/yr/person  Population
. L [X] 2 . )
|
Potatoes 0.12 90 1\\.7 24.6 16,500
Wheat 38.4 90 0.1 54.0 10,765
Other grain 5.77 90 0.3 4.0 - 16,500
Animal Product,
million kg
Milk 11.8 90 . 0.9 111.4 16,500 Q
Beef 4.4 90 0.9 - 35,2 16,500 |
Pork 0.36 90 0.9 28.9 “12,600 =
Poultry 0.003 90 0.9 . 28.6 T 100
R
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Table 3-U4., Mississippi Ingestion Pathways Input Data

——
=

Groving Consumption

. Acres Grown, Period, Yield Rate, Affected
Food Type thousand days kg/me kg/yr/person  Population .
Leafy veg. 0.05(a) 90 1.5(b) 15.0(b) 18,900
Other above- 0.10(2) 60 0.7¢(b) 15.0(b) 18,900 .
ground veg.
Potatoes 0.03(a) 90 4,0(b) 24.6 18,900
Other root 0.56 90 1.1 1.6 377,000
veg. , i T
Melons 2.0 90 1.0 5.0 377,000
Wheat 704 90 0.2 54.0 377,000
Animal Product,
million kg

Milk 58.1 90 0.4 111.4 377,000
Beef 38-1 90 0.4 . 35.2 377,000
Pork 78.5 9 0.4 28,9 271,700

(a) Calculated value, based on 5 percent criterion.
(b) Default value.
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Table 3-5. Vacherie Ingestion Pathways Input Data

—
——

il
||

Crowing Consumption
. Acres Grown, Period, Yield Rate, Affected
Food Type thousand days kg/me  kg/yr/person Population
Leafy veg. 0.06(2a) 90 1.5(b) 15.0(b) 25,300
Other above- 0.14 60 0.9 6.6 77,500
ground veg.
‘Potatoes 0.22 "90 0.9 24.6 32,500
Other root 1.25 90 1.1 1.6 506,000
veg.
Berries 0.07 90 0.7 1.2 147,700
Wheat 82.9 90 0.2 54.0 506,000
Animal Product,
million kg

Milk 76.1 90 0.4 111.4 506,000
Beef 15.5 90 0.4 35.2 440,300
Pork 1.02 90 0.4 28.9 35,300
Poultry 1.31 90 0.4 28.6 45,900

(a) Calculated value, based on 5 percent eriterion.
(b) Default value.
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Food type - The types listed here represent the food pathways -
available in PABLM that are viable exposure pathways within the
area surrounding the site. For the purposes of the assessment,
this area was assumed to include the counties within a 50-mi
(80.5-km) radius of the site. Seafood pathways were not consid-
ered since the expected release will be airborne and there are no
significant bodies of water within the 50-mi (80.5-km) radius
area.

Acres grown - This parameter represents the amount of area
devoted to growing that food type within the surrounding area.

It is used in calculating the "affected population.® In the
cases where the food type is known to be present in an area but
in acreage too small to be recorded in state agriecultural statis-
tics, a "5 percent criterion" was used to calculate an approxi-
mate area. This value represents the acreage that would support
5 percent of the population living in the surrounding area, i.e.,
the area required to grow enough of the crop to supply the annual
consumption@geeds of that population.

Animal product - This value represents the weight of animal
product produced in the area. As with "acres grown," this value
is used to establish an "affected population value." In some
cases, the 5 percent criterion was applied.

Growing period - This value represents the time involved from the
time the food is planted to the time it is harvested. This value
is used in the code to model the buildup of radionuclides in the
food chain. However, the radionuclides that are of concern in
this analysis all build up quickly and, therefore, this parameterr
is not very significant. ’

Yield - This value represents the yield of the crop and is an
average value for the surrounding area for the food type, as doc-
umented in State statistical reports. The value was determined
by caleulating a yield that was weighted by food type component.
For example, the yield for leafy vegetable would be calculated by
multiplying the yields of lettuce, cabbage, spinach, ete., by the
acres‘of each component and then dividing by the total acreage of
the tood type. Therefore, if one food type component was more
prevalent, it would be reflected in the yield. In the case of
the animal products, this value represents the yield of the
forage, either corn or hay. In some cases, this value was not
available, so a default value that was developed for earlier
assessments is used.

Consumption rate - The consumption parameters are national aver-
age figures.(11) The values listed in the tables are the sum of
the consumption rates of components of a particular food type.
For example, the melon consumption rate is the sum of the con-
sumption rates of watermelon, honeydew melons, canteloupes, etc.
Again, in some cases, default values are used.
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o Affected population - This value is determined by multiplying the
‘area grown, in square meters, by the yield, in kilograms per
square meter, and then dividing by the individual consumption, in

_ kilograms per year per person. This value then represents the
number of people fed by the food grown. In the case of the
animal products, the quantities listed in the first column of
Tables 3-1 through 3-5 were divided by the appropriate consump-
tions. When the value exceeded “he number of people living
within the 50-mi (80.5-km) radius of the site, the value was
substituted with the actual population.

Another parameter which is used by PABLM is the dispersion characteris-
tics of the site. The code requires that a X/Q value be supplied as input.
For this analysis, an average X/Q value for the surrounding area was chosen.
This value was calculated by integrating the function of X/Q and distance over
the 50-mi (80.5-km) distance. This calculation assumes that the foodstuffs
are grown uniformly throughout the 50-mi (80.5-km) radius area. These average
values are shown in Table 2-3. Also inputted into the code is the storage
time of the foodstuff after harvest. This parameter allows for radioactive
decay and thus reduces the concentrations in the food. For this analysis, the
storage time is assumed to be zero, i.e., no credit was taken for radiocactive
decay. h

3.1.2 Submersion and Inhalation Pathways

The remaining two exposure pathways are submersion in the radioactive
effluent plume and inhalation of contaminated air. Analysis of both of these
pathways depends on the concentration of the radionuclides in the air. Again,
the atmospheric dispersion characteristics of the sites are necessary to eval-
vate the exposure. These X/Q values are then applied to specific dose factors
and release quantities to determine the dose. Both annual doses and dose com-
mitments from releases over an extended period of time may be caleculated.

The inhalation dose was calculated as follows:

1. The maximum X/Q values were established for the sites. The maximum
value yields the greatest dose. This assumes that the maximum
exposed individual is at the point of maximum deposition at all
times.

2. The X/Q, in seconds per cubic meter, is multiplied by the annuai

release rate, in curies per year. This establishes a concentration
value. °

3. The concentration value is then multiplied by an inhalation rate of

20 m3 of air per day.(20) This results in the quantity of radionu-
clide intake for 1 year. i

4. The intake value is multiplied by an inhalation dose conversion fac
tor.(21)  The dose factor, with units of millirem per microcurie,
calculates a 50-year dose commitment from an annual release. When
reporting the results, this value is documented as the annual dose,
even though using the 50-year dose commitment over estimates the
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annual dose. Multiplying by the length of time for the release
establishes the 50-year dose commitment for the entire release. The
dose factors are shown in Table 3-6.

5. Unit conversion factors are applisd to get the inhalation dose in
units of millirem per year for the annual dose and millirem for the
dose commitment.

The submersion dose is.calculated in the same manner as discussed for the
inhalation pathway. In the submersion dose calculation however, the inhala-
tion rate is excluded from the calculation. Also, specific submersion dose
factors{22) are used. These factors, with units of millirem per year per
microcurie per cubic centimeter, can be seen in Table 3-7.

A simple code was developed to aid in the calculation of inhalation and
submersion dose. ISDOSE (Inhalation’and Submersion DOSE) will calculate
annual dose equivalents and 50-year dose commitments for both maximum exposed
individual and population dose cases. The code contains the dose conversion
factors in libraries for all of the radionuclides that are of concern to the
analysis. The program simultaneously calculates the exposure from both of the
pathways using the method discussed previously and outputs the results in a
tabular form by pathway and radionuclide.

3.2 RESULTS

To evaluate the exposure results, the dose equivalents from the three
pathways must be added. Since the PABLM output contains the dose to specific
organs, while the submersion and inhalation doses are for the whole body, a
method outlined by the ICRP(23) is used to manipulate the PABLM output to
establish a whole body dose. The technique is taken from the following:

For stochastic effects the Commission's recommended dose limitation is .
based on the principle that the risk should be equal whether the body is
irradiated uniformly or whether there is nonuniform irridation.

This condition will be met if:
IWTHT < Hyb,L

where Wr is a weighting factor representing the portion of the stochéstic
risk resulting from tissue (T) to the total risk, when the whole body is
irradiated uniformly, Hy is the annual dose equivalent in tissue (T),

Hyp,1, is the recommended annual dose equivalent limit for uniform
irradiation of the whole body. - '

The values of Wr recommended by the Commission are shown below:

Tissue Wy

Gonads 0.25
Breasts 0.15
Red bone marrow 0.12
Lung 0.12
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Table 3-6. Inhalation Dose Conversion Factops(21) .

) Dose Factor, (2) Dose Factor,(2)
. Radionuelide mrem/uCi Radionuelide mrem/uCi
3H (HT0) 6.3 x 1072 220Rn NA
¢ 2.4 x 10-2 # . 222pn NA
Shimn 6.3 238py 4.5 x 105
60co 1.5 x 102 239y 5.2 x 105
633 3.1 2kopy . 5.2x 105
85kn NA 2h1py 1.0 x 104
90sr 1.3 x 103 241 5.2 x 105
90y 8.1 - 242ey 1.7 x 104
95Nb 0 4.4 2l 2.7 x 105
106Ry 4.4 x 102 210pg 7.88 x 103
1257¢ : 6.7 212p4 1.74 x 107
1291 1.7 x 102 214p;4 5.92
134¢cs 4.8 x 101 2087y 9.1 x 103
137¢s 3.2 x 10! j 218pg 1.91 x 101
ey | 3.5 x 102 7 21p, 0.0
15kgy 2.6 x 102 216p, 0.0
210p3 1.9 x 102 212pq 0.0 N
210pp 1.3 x 104 212pp 1.6 x 102
214py, | 6.7

NA = not appliecable.
(a) Converted from Sievert per Becquerel.
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Téble 3-7. Submersion Dose Conversion Factors(22)

Dose Factor,(a) Dose Factor, (a)
Radionuclide mrem/yr per uCi/cm3 Radionuclide mrem/yr per uCi/cm3

3H (HTO) 0.0 220Rn 2.67 x 106
e 2,18 x 105 222pp, 1.98 x 105
SliMn 4,44 x 109 238py 4.7 x 105
60co 1.31 x 1010 239py 4.26 x 105
63x1 0.0 2Uopy 4.63 x 105
85kp 2.66 x 107 , 2l1py 0.0
90sp 1.07 x 107 241 9.66 x 107
90y 7.33 x 107 2h2cm 5.25 x 105
95Nb 4,03 x 109 2llicn 4,48 x 105
106y 0.0 210pg 0.0
1257¢ 5.03 x 107 212p 8.25 x 109
1291 4.29 x 107 214py 4.4 x 105
134¢cs | 8.14 x 109 2087y 4.48 x 104
137¢cs ‘ 8.36 x 106 218pg 7.66 x 104
e 9.44 x 107 214pg 1.01 z 109
154gy 6.59 x 109 216pg | 0.0

210p; 2.64 x 107 212pq 2,01 x 1010
210pp 6.85 x 106 212py 7.55 x 108
21hpy, 1.28 x 109

(a) Converted from Sievert per year per Becquerel per cubic centimeter.
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Tissue Wy

Thyroid 0.03
Bone surfaces 0.03
Remainder 0.30

For this application, the organs that contributed to the dose are total
body, bone, and thyroid. We found the total ingestion dose by summing the
products of the weighting factors listed for those organs and the individual
organ doses. The Wy for total body is 1.0. The resulting dose is a whole
body dose from the ingestion of contaminated food. Also, since the inputs for
food consumption were average values, the final results were mult.plied by
1.5(24) to take into consideration the fact that the maximum exposed individ-
uval's food intake is above the average value. This value is added to the dose
wquivalent values for the submersion and inhalation pathways. Note that in
the case of the submersion and inhalation doses for operational releases, the
locations of the maximum concentration.for the two source terms differ. For
this caleculation, it is assumed that they occur at the same location and the
doses from each of the source terms are added. This assumption helps to bound
the dose values.

Table 3-8 gives the resulting maximum individual dose for each pathway
and the totals for each salt repository site for the two phases. A1l the
doses are below the EPA limit of 25 mrem. The maximum dose occurring at the
Utah site during operation is 1.8 mrem. Table 3-9 shows the 50-year dose
commitment from the total releases during the construction and operational
phases. No limits exist for comparison with these results. Table 3-10 shows
which radionuclides contribute the most dose for each pathway. 'The percent-
ages glven represent the percent of the total dose contributed by each path-
way. It can be seen from this table that the annual doses are dominated by
inhalation of the natural radionuclides. However, for the 50-year dose com-
witments, the ingestion pathway becomes increasingly significant, although
still less significant than the inhalation pathway.

o,
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Table 3-8. Maximum Individual Annual Dose

N Exposure Pathway Dose, mrem

Site Inhalation Submersion Ingestion Total(a)
" Construction
Deaf Smith 3.39 x 1072 4,77 x 107 9.8 x 1073 4.4 x 10°2
Swisher 3.39 x 1072 4,77 x 1075 8.6 x 1073 4,3 x 1072
Utah 1.09 1.53 x 107> 1.8 x 1077 1.3
_Vacherie 2.87 x 10”1 4,04 x 1074 5.7 x 1072 2.4 x 1071
Richton 3.30 x 107! 4.65 x 10~H 7.7 x 1072 4.1 x 1071
Cypress Creek 3.30 x 1071 4,65 x 1074 7.7 x 1072 4.1 x 1071
Operation
Deaf Smith 4.45 x 1072 6.93 x 1072 5.5 x 1072 1.7 x 1071
Swisher 4,45 x 1072 6.93 x 1072 5.1 x 1072 1.6 x 10~
Utah 1.09 2.10 x 10-1 5.2 x 1071 1.8
Vacherie 2.87 x 1071 5.54 x 1072 2.0 x 1071 5.4 x 10”1
Richton 3.31 x 1071 6.36 x 1072 2.7 x 1071 6.6 x 1071
Cypress Creek 3.31 x 1071 6.36 x 1072 2.7 x 1071 6.6 x 101

ta2) This is the annual dose from a 1-year exposure to the released
radionuclides. ‘ '

4
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Table 3-9. Maximum Individual 50-Year Dose Commitment
Exposure Pathway Dose, mrem
Site Tnhalation Submersion Ingestion Total(e)
Construction
Deaf Smith 2.71 x 1071 3.81 x 104 1.5 x 101 4,2 x 1071
Swisher 2.71 x 1071 3.81 x 1074 1.4 x 1077 4.1 x 1071
Utah 8.72 1.23 x 1072 2.8 1.2 x 10!
Vacherie 2.30 3.23 x 1073 8.9 x 10”1 3.2
Richton 2.64 3.72 x 1073 1.1 3.7
Cypress Creek 2.64 3.72 x 1073 1.1 3.7
Operation

Deaf Smith 8.97 x 1071 1.80 2.9 5.6
Swisher 8.97 x 107} 1.80 2.8 5.5
Utah 2.84 x 101 5.45 2.7 x 10! 6.1 x 101"
Vacherie T.47 1.43 9.9 1.9 x 10!
Richton 8.59 1.65 1.2 x 101 2.2 x 101
Cypress Creek 8.59 1.65 1.2 x 10! 2.2 % 101

(a) This is a 50-year dose commitment from é

TN

xposure to an 8-year release of

radionuclides during construction and a 26-year release of radionueclides
during operation of the repository.
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Table 3-10. Critical Nuclides in Dose Assessment

0

Inhalation Submersion Ingestion
Annual Dose - Construction
210pp 2124 210pp
210pg 212pg 210pq
(86%) (~0%)’ (14%)
Annual Dose - Operation
210pp 85kp 1291
210pq 210pp
(60%) (12%) (29%)
50-Year Dose Commitment - Construction
210pp ’ 212g4 210pp
210pq 212pq 210pq
(76%) (~0%) (24%)
50-Year Dose Commitment - Operation
210pp 85kp 1291
210py ' 210py
(47%) . (9%)

(44%)
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4,0 -POPULATION DOSE ASSESSMENT

The U.S. Environmental Protection Agency (EPA) dose equivalent standards
were compared with the projected doses to be delivered by the operation of
preclosure repository facilities. These standards address only the exposure
of an individual, the maximum exposed individual.. Another dose assessment
must be made to calculate the dose to the population surrounding the site. To
make this calculation, additional dispersion parameters and a demographic
makeup for the area must be developed. After this development, the assessment
is very similar to the analysis made to calculate the maximum individual dose.
An assessment of this type presents a more complete analysis of the radiologi-
cal -impacts on the area from preclosure operations, although it is not
required in the regulations.

The source terms used for this analysis are the same as documented pre-
viously. In the case of the meteorological data, dispersion values were calc-
ulated for 5, 15, 25, 35, and 45 miles from the site. These distances repre-
sent the midpoints of five 10-mile-wide annuli. This calculation allows for
an analysis of the population dose for persons living within a 50-mile radius
of the site. Also, the frequency with which the wind blows toward a certain
direction was determined. Table 2-U4 showed the X/Q values for the distances
of concern.

4.1 DEMOGRAPHY OF SITES

The demography around each site was developed to conform with the meteor-
ological data format., A system of circular grids was designed to map out the
population in the area around each site. The grids are comprised of five
annuli of 10-, 20-, 30-, 40-, and 50-mile radii. Each annulus was then
divided into 16 sections, representing the 16 wind directions for whieh wind

direction frequencies were obtained. Each of the grids was developed as
follows:

1. A map of the region was developed by plotting data contained within
the cartographic data base available in the SAS computer pro-
gram. (25) Then, the circular grids were overlayed on the map with
the centers of the annuli positioned at the site location. These
circular grids then defined the area to be used in the population
dose assessment.

2. The population dat.z:t(8 26,27,28,29) fop the assessment areas were
obtained. These data ineluded the population of each of the coun-

ties affected by the assessment, the ecounty area, and the popuiation
of the population centers with more than 500 people.

3. The population within each segment of the population grid was deter-
mined. A segment is defined as 1/16 of an annulus. This population
figure was calculated in the following manner:

a. The population of the population centers were substracted for
the county total populations. This established a "rural® popu-~
lation value for each county. . '
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b. The rural population was divided by the county area. This
established a "rural density." These rural densities were then
used to develop the site grids.

c. The appropriate rural density to be used to calculate the popu-
lation of a segment was determined. The density was used for
the county that comprised the greatest area within the segment. "
The proper density value was then multiplied by the. area repre-
sented by the segment of concern. This calculation resulted in
a "rural population" for the segment. This figure was recorded
on the population grids in that segment. fl

d. The population centers within the affected area were then
recorded separately onto the grid as they wéuld appear on a map.

4, Finally, the total population within the affected area was
determined by adding the values within each segment together.

Figures 4-1 through 4-6 show the population diagrams for each of the
sites. From these diagrams, a value for the total population residing within
the 50-mile radius area can be established. These values for the six areas~”
are:

Site Value
Deaf Smith 217,000
Swisher 248,000
Utah 16,500
Vacherie 506,000
‘Riechton 337,000
Cypress Creek 377,000

4.2 ASSESSMENT

As in the case of assessing the dose to the maximum exposed individual,
three exposure pathways must be evaluated for population dose. Again, PABLM
is used for the analysis of the contribution of the food ingestion pathway and
ISDOSE is used to assess the inhalation and submersion pathways. However,
each code is used differently from the single person case. The population
dose is defined as the dose equivalent, in man-millirem, to the population
residing within a 50-mi (80.5-km) radius of the site. Exposures to persons
outside this area are not addressed.

To assess the dose from ingestion of contaminated food, PABLM is run in
~the same manner and with the same inputs as described previously. However,
"the difference arises in the manner in which the output of PABLM is manipu-
'lated. The method used is as follows: .
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1. PABLM is run from inputs stated in Section 3.1.1. The output is in
the form of dose to an individual organ by food type.

2. The doses to the organs are combined by the method discussed pre-
viously. 23) The result is a total dose contribution to one person
for each different food type.

3. The total dose per person by food type value is multiplied by the
raffected population" parameter (see Section 3.1. 1). The resulting
value is the population dose attributed to that food type. "This
assessment is only concerned with the dose to the people living
around the site area, the affected population values never exceed
the total population values documented in the demography section.

4, The total population dose is calculated. The contributions from
each food type are summed to arrive at a total dose.

In the case of the inhalation and submersion doses, ISDOSE is capable of
receiving the population parameters in the form of the population distribution
grids. An additional input into this assessment is the wind direction fre-
quency for the site, shown in Table 4-1. This parameter determines what frac-
tion of the time the radiocactive emissions are carried toward the various
directions. These values are annual averages for the four states listed in
Table 4-1. Also included in this analysis as inputs are the five annular X/Q
values, which replace the maximum X/Q value used in assessing the maximum
individual case. All other inputs remain the same. The method by which the
program assesses the population doses is as follows:

1. The exposure to one person in a segment of the population grid is
calculated by multiplying the release rate by the X/Q for the
annulus the segment is in and then multiplying by the dose factors
and other factors as done for the maximum exposed individual case
(see Section 3.1.2).

2. The population dose is calculated for the segment by multiplying the
dose to one person by the population of the segment.

3. The total population dose is found by summing the contributions of
all of the segments of the grids.

4,3 RESULTS

Table 4-2 shows the population dose resulting from the preclosure radio-
logical releases. The highest doses are found at the Vacherie Dome site,
where the greatest population exists. The lowest doses are seen at the Deaf
Smith and Swisher County sites, mainly because of the better dispersion

.characteristies at those two sites.

37




Table u" 1.

Wind Direction Frequency

Direction Texas Utah Mississippi Louisiana
N 0.19 0.077 0.09 0.150
NNE 0.11 0.043 0.07 0.056
NE 0.1 0.084 0.06 0.041
ENE 0.06 0.064 0.04 0.034
E 0.06 0.073 0.03 0.035
ESE 0.03 0.046 0.04 0.037
SE 0.04 0.056 0.07 0.046
SSE 0,04 0.036 0.06 0.038
S 0.08 0.063 0.06 0.073
SSW 0.05 0.048 0.06 0.038
SW 0,04 0.040 0.06 0.033
WSW 0.02 0.025 0.04 0.032
W 0.03 0.0uY 0.04 0.060
WNW 0.02 0.032 0.04 0.065
NW 0.05 0.056 0.07 0.092
NNW 0.07 0.042 0.11 0.080
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Table 4-2. Population 50-Year Dose Commitment

Exposure Pathway Dose, mrem

Site Inhalation Submersion Ingestion Total(a)
Construction
Deaf Smith 1.04 1.46 x 10°3 2.0 x 104 2.0 x 104
Swisher 2.04 2.87 x 1073 2.2 x 104 2.2 x 104
Utah 4,19 5.90 x 10~3 2.2 x 104 2.2 x 1ot
Vacherie 3.24 x 107 4.56 x 10~6 1.4 x 10° 1.4 x 103
‘Richton 2.66 x 101 3.75 x 1072 1.1 x 105 1.1 % 105
Cypress Creek 2.67 x 101 8.70 x 10~! 1.1 x 105 1.1 x 10°
Operation

Deaf Smith ©7.33 4,24 x 102 3.9 x 10° 3.9 x 10°
Swisher 1.45 x 10 8.41 x 102 4.1 x 105 ° 4,1 x 102
Utah 2,49 x 101 1.21 x 103 2.5 x 105 2.5 x 105
Vacherie 1.92 x 102 9.39 x 103 2.0 x 106 2.0 x 106
Richton 1.58 x 102 7.71 x 103 1.9 x 106 1.9 x 106
Cypress Creek 1.59 x 102 7.75 x 103 1.9 x 106 1.9 x 106

(a) This is a 50-year dose commitment from exposure to an 8-year release of
radionuclides during construction and a 26-year release of radionuclides
during operation of the repository.
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5.0 ACCIDENT CALCULATIONS

Like the population dose assessment, the assessment of doses resulting
from accidental releases of radionuclides is not required by the regulations.
However, the analysis results will give a greater insight into repository
impacts on the surrounding area. In the case of this analysis, five accident
scenarios based on earlier analyses of repository operations(113) were
developed:

e Spent Fuel Shaft Drop - In this scenario, six pressurized-water
reactor (PWR) fuel elements, enclosed in a sealed canister and
container, are dropped down the waste emplacement shaft. The
fission gases and particulates are released. Most of the par-
ticulates are trapped in high efficiency particulate air (HEPA)
filters. The emission is from ground level.

e Commercial High-Level Waste (CHLW) Shaft Drop - In this scenario,
one package of vitrified waste containing 9.8 metric tons of
uranium (MTU) is dropped down the emplacement shaft. Partiecu-
lates are released; however, most are trapped by HEPA filters.
Although vitrified waste was not considered a waste form for the
routine emissions, the accident was analyzed because the reposi-
tory may receive CHLW and/or defense high-level waste (DHLW).

The CHLW case is analyzed because it is more severe than the DHLW
case. The emission is from ground level.

e Spent Fuel Handling Accident - For this case, 16 PWR spent fuel
assemblies in a railcar cask are crushed by another cask. It is
assumed that 30 percent of the void gases are released into the
handling facility and then to the environment through ventila-
tion. This emission is from an elevated release point
(61 meters).

e Remote-Handled Transuranic (RH-TRU) Waste Shaft Drop - In this
scenario, 12 drums of RH-TRU are dropped down the emplacement
shaft and burst. It is assumed that 20 .percent of the material
is released after passing through HEPA filters. The release is
from ground level.

e Contact-Handled Transuranic (CH-TRU) Waste Puncture Accident - In
this case, a CH-TRU drum is punctured and radioactive material is

released. This release occurs in the waste handling facility, so
the release is from an elevated point.

5.1 DOSE ASSESSMENT

The first inputs to the dose assessment are the source terms generated

. from each of the five accident scenarios. Tables 5-1 through 5-5 give the

expected releases to the environment from the five accidents. Appendix B

- gives an explanation of these source terms and their origins.




Table 5-1. Release From Shaft Drop of Spent Fuel

nadionuclide Release, Ci Radionuclide Release, Ci
30 9.0 238py 6.0 x 10-6

14 6.0 x 102 239y 8.7 x 1077
85gr 6.0 x 103 240py 1.4 x 1076
905y 2.0 x 1074 241py 2.1 x 1076

90y 2.0 x 1074 241y 4.8 x 1076
1291 9.0 x 1073 Ul 2.7 x 1076

Table 5-2. Release From Shaft Drop of Commercial High-Level Waste

Radionuclide Release, Ci Radionueclide X Release, Ci
A
90y 3.9 x 1074 154y 3.6 x 1075
90sp 3.9 x 1074 238py 5.6 x 10~7
106Ry 4.4 x 1075 239y 1.3 x 1078
1251 4.8 x 106 240py 5.2 x 1078
134cg 8.0 x 1075 2l1py 6.4 x 1076
137cs 6.0 x 10°4 241 pm 5.2 x 1076
1ilce 2.0 x 1075 2Ulicy 4.4 x 1075

Table 5-3. Release From Spent Fuel
Hendling Accident

Radionuclide Release, Ci
35 5.4
¢ 3.6 x 1072
85 3.6 x 103
1291 5.4 x 10”3
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Table 5-4. Release From Shaft Drop of Remote-Handled
Transuranic Waste

Radionuclide Release, Ci Radionuclide Release, Ci
3 2.5 x 1071 238py 1.1 x 1079
¢ 4.4 x 1074 239py 7.2 x 1011
SliMn 8.1 x 1078 2l0py 1.5 x 10-10
60co 1.6 x 1076 2i1py 3.6 x 1078
631 1.6 x 1077 241 Am 1.4 x 10710
905y 1.2 x 1078 2l2cy 2.0 x 1079
95Nb 8.2 x 1078 2l 1.4 x 1079
137cs 1.9 x 1078

Table 5-5. Release From Contact-Handled Transuranic
Waste Puncture Accident

D

Radionuclide Release, Ci Radionuclide Release, Ci
3 6.3 x 1076 13kcs 1.8 x 10712
¢ 1.6 x 10°10 137¢cs ‘ $§ﬂ x 10-12
60co 6.2 x 10713 238py " g.2x 0712
90sp - 9.2 x 10713 239py 5.4 x 10713
95Nb 1.1 x 10711 240py 1.1 x 10”12
106Ru 2.8 x 10710 2H1py 2.7 x 10710
1291 ' 1.6 x 1074
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For the population dose assessment resulting from accldesital releases, it
is assumed that the release is directed to the three adjacent sectors (wind
directions) with the greatest total population. This assumption represents
the maximum number of people who could be exposed by release.

The next inputs to the analysis are the dispersion characteristies for
the sites. As directed by the U.S. Nuclear Regulatory Commission(30,31), the
assumed meteorological conditions are a Pasquill stability class of F and a
wind speed of 1.0 m/s. This assumption represents a poor dispersion condition
and, therefore, a bounding situation. Using the same method as discussed in
Chapter 2, the X/Q values for both ground level and 61-meter releases are
calculated. The results are shown in Table 5-6.

Table 5-6. Calculated X/Q Values for Accident Conditions

Ground-Level Release ‘ 61-Meter Release
Distance, m X/Q, s/m3 Distance, m X/Q, s/m3
240 8.85 x 1073 240 0.0
8,045 3.15 x 1073 8,045 , 1.16 x 10°5
24,135 8.51x 1076 24,135 5.34% x 1076
40,225 4.63 x 1076 40,225 3.31 x 1076
56,135 3.18 x 107 56,135 2.40 x 1076
72,405 2.41 x 1076 72,405 1.88 x 106
Maximum X/Q 8.85 x 103 © Maximum X/Q 1.30 x 1075 °

The method for the dose assessment is the same as for the routine
releases except for one significant change. The exposure from the ingestion
of contaminated food is ignored. It is assumed that all foodstuffs grown in
the area affected by the accidental release will be quarantined if necessary
to avoid significant population doses. That is to say, these foodstuffs will
be collected and surveyed for signs of contamination before being released for
consumption. - Therefore, this pathway will be eliminated.

. {
5.2 RESULTS ‘ \\

The assessment of the inhalation and submersion pathways is done by using
the ISDOSE code. Both maximum individual doses and population doses are cale-
ulated. The results are 50-year dose commitments attributed to the accidental
release. Table 5-7 shows the resulting dose equivalents for the five .
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Table 5-7. 50-Year Dose Commitments From Accidental Releases

: Accident Scenario
Spent Fuel CHLW Spent Fuel RH-TRU CH-TRU
Site ) Drop Drop Handling Drop . Puncture

Maximum Individual, mrem

All Sites- 4.68 x 10! 2.74 3.98 x 1072 3.10 x 10~3 2.07 x 10~9 “

Popﬁiation, man-mrem J
£ Deaf Smith 2.99 x 103 1.75x 102 - 1.29 x 103 1.98 x 1071 6.70 x 1075

Swisher 2.40 x 103 1.41 x 102 1.05 x 103 " 1.59 x 10-1 5.47 x 10-5

Utah 1.64 x 102 9.63 6.61 x 101 1.09 x 1072 3.u4 x 1076 |

Vacherie 5.91 x 103 3.64 x 102 2.47 x 103 3.91 x 10”1 1.29 x 10°%

‘Richton 2.86 x 103 - 1.67 x 102 1.14 x 103 1.89 x 10°1 5.95 x 105

Cypress Creek 2.68 x 103 1.57 x 102 1.05 x 103 1.77 x 10°1 . 5.49 x 10°5




accident scenarios analyzed. The results of the maximum exposed individual ..
analysis are the same for all sites since the same meteorology is assumed
for all sites and population variations do not show up in this analysis.
Table 5-8 shows the nuclides that contribute significantly to the total dose.
The highest dose is from the drop of spent fuel down the shaft and is mainly
due to the krypton in the spent fuel. The lowest dose result is from the
CH-TRU waste puncture accident.

Table 5-8. Critical Nuclides in Accident Assessment

Inhalation ; Submersion

Spent Fuel Drop

1291 -
238py
281py
241py
5 : (96%)
CHLW Drop
241 pm & |
- | 154gy
(7100%) -
l:.:.-,, N
Spent Fuel” Handlin
. » 85
1291 Kr
3 (99%)
‘ . :‘?;{A !
3H E
(~100%) -
CH-TRU Puncture
238py A” 2
241py %
| 13kcs

(~100%) (~0%)
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6.0 SUMMARY AND CONCLUSIONS

The results of these analyses indicate that a high-level nuclear waste
repository placed at any one of these sites can comply with preclosure radio-
logical standards. The concentration-to-maximum permissible concentration
(MPC) ratio sum, a U.S. Nuclear Regulatory Commission-regulated parameter, is
only 5 percent of the limit established in the standards for the bounding
case. This ratio is for the Utah sites, where the worst dispersion character-
isties occur, and would be even lower at the other sites.

In comparing calculated doses with the U.S. Environmental Protection
Agency dose limitation of 25 mrem/yr, the largest annual dose is 1.3 mrem
during construction and 1.8 mrem during operation, both at the Utah site. The
doses at the other sites are all less than 1.0°mrem/yr to the maximum exposed
individual. In the population dose assessments, the doses are highest at the
Vacherie Dome site and lowest at the Deaf Smith County site (during construc-
tion) and the Utah site (during operation).

For the five accident scenarios analyzed, the greatest dose is from the
shaft drop of spent fuel, 4.68 x 107 mrem, while the smallest dose is from the
puncture of contact-handled transuranic waste, 2.07 % 10-9 mrem. The highest
population doses from accidents occur at Vacherie Dome and the lowest at the
Utah site.

In the case of all the assessments documented in this report, many
cegrees of conservatism were entered into the parameters. It is very likely
that the actual releases and doses will be lower than the values reported
here.
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8.0 STATUTES AND REGULATIONS

10 CFR Part 20, Standards for Protection Against Radiation.

10 CFR Part 60, Disposal of High-Level Radioactive Wastes in Geologic
Repositories; Technical Criteria.

10 CFR Part 960, Nuclear Waste Policy Act of 1982; General Guidelines for the
Recommendation of Sites for the Nuclear Waste Repositories; Firal Siting

Guidelines.

40 CFR Part 190, Environmental Radiation Protection Standards for Nuclear
Power Operations.

40 CFR Part 191, Environmental Standards for the Management and Disposal of
Spent Nuclear Fuel, High-Level and Transuranic Radioactive Wastes; Final Rule.
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APPENDIX A

GENERAL GUIDELINES FOR THE RECOMMENDATION OF SITES FOR
THE NUCLEAR WASTE REPOSITORIES;
FINAL SITING GUIDELINES

The title page only of this document is printed here; please note that
these are the Final Siting Guidelines published on December 6, 1984,
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GK Beall ONWI/SAD Files

pae  June 28, 1985 | ME Balmert LB

To S. J. Basham

fom Yo Jo Mayberry

subjet Radionuclide Emission Rates for Preclosure Radiological
Calculations for Final EA

This memo revises and replaces my June 5, 1985 memo on the preclosure
radiological emission rates to be used in the final EA calculations. The
changes reflect comments received from you and others regarding the
construction and operational sourceterms.

Construction Radionuclide Emissions

GEIS, Volume 1, Section 5.4.8 shows an annual estimate of 220gp, and
222pp released from the mining of 30 million metric tons of salt. The
values are based on a period of eight years for mining (from DOE/ET/0028,
Figure 7.4.18). Therefore, the total amount of natural radionuclides
released by mining the salt is eight times the annual value presented in
GEIS. In the final EA, the release of the natural radionuclides will be
over 34 years (eight years of construction and 26 years of operation).
Therefore, the annual release would be 1/34 of the total release. This
value is used since excavation of the salt will extend past the eight
years of construction and radionuclides will continue to emanate from
the excavated salt pile.

Table 1 shows the expected release of natural radionuclides. The values
shown for 220p, and 222g, are those found in GEIS. The remaining
radionuclides represent all of the radon and thoron daughters. Some of
these radionuclides, which were excluded in the release documented in
GEIS, were considered significant to our assessment. The release values
for the additional radionuclides were determined assuming an equilibrium
between the radon and its daughters of 1 to 1. This assumption considers
all daughters and results in the maximum release possible and therefore
bounds the release. For the purposes of the radiological assessments,
the contributions of the short-lived nuclide (half-lives less than one
minute) are assumed to be zero for the inhalation and ingestion pathways.
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Table 1., Construction Radionuclide Releases

GEIS Annual EA Total EA Annual
Radionuclide Release (Ci) Release (Ci) Release (Ci)
222} 1.3 x 10-3 1.0 x 10-2 2.9 x 10-4
218p, - 1.0 x 10-2 2.9 x 10~4
214py, - 1.0 x 10-2 2.9 x 10-4
214g4 - 1.0 x 10-2 2.9 x 10-4
214p, - 1.0 x 10-2 2.9 x 10-4
210pp - 1.0 x 10-2 2.9 x 10-4
2103 - 1.0 x 10-2 2.9 x 10-4
210p, - 1.0 x 10-2 2.9 x 10-4
2208 9.3 x 10-4 7.4 x 10-3 2.2 x 104
élspo - 7.4 x 10-3 2.2 x 10-4
212pp - 7.4 x 10-3 2.2 x 10-4
21284 - - 7.4 x 10-3 2.2 x 10-4
212p, - 4.7 x 10-3 1.4 x 10-4
2087 - 2.7 x 10-3 7.8 x 10-5

Accident Radionuclide Emissions

The most credible bounding accident that can happen to contact-handled
TRU is the puncture of the drum and subsequent release of the drum's
contents. In GEIS, Table 5.4,24, it was shown that each incident would
release to the atmosphere:
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Table 2. CH-TRU Puncture Accident Release

A

34 6.3 x 10-6 Curies
14¢ 1.6 x 10-10 Curies
60co 6.2 x 10-13 Curies
905, 9.2 x 10-13 Curies
95Nb 1.1 x 10-11 Curies
106gy : 2.8 x 10-10 Curies
1291 | 1.6 x 10-4 Curies
134 1.8 x 10-12 Curies
137¢s 1.4 x 10-12 Curies
2380y 8.2 x 10-12 Curies
) 239, _ 5.4 x 10-13 Curies
240p,, 1.1 x 1012 Curies
241p, 2.7 x 10-10 Curies

Each drdm handled has a single probability of puncture of 3 x 10-5;
thus, with 202,450 drums, a total of six punctures over the facility
life can be expected. This is classified as an abnormal operation.

HLW

A11 high-level waste arriving at the repository will be vitrified in
glass. The only credible accident which would release radionuclides is
a shaft drop, and clearly a shaft drop is an abnormal operation. v

GEIS, Table 5.4.25, determined that an accident involving a hoist load of
four canisters of 2.4 MTU* would release the quantities of radionuclides
shown in Table 3. Stearns designs are for waste packages of 9.8 MTU
carried one at a time on the hoist. I either case, a release scenario
would be virtually identical -to the original GEIS release values.

*MGDS specified 2.28 MTU.
Incidentally, the release values'are for commercial HLW. Defense HLW

release values are substantially lower, and thus the values in Table 3
can be considered bounding for all HLW.
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Table 3, Shaft Drop Release

90y 3.9 x 10-4 Curies
905 3.9 x 10-4 Curies
106Ry 4.4 x 10-5 Curies
12570 4.8 x 10-6 Curies
123 8.0 x 10-5 Curies
137¢s 6.0 x 10-4 | Curies
144co 2.0 x 109 Curies
154, 3.6 x 10~5 Curies
238p, 5.6 x 10-7 Curies
239, 1.3 x 10-8 Curies
’ 240p, 5.2 x 10-8 Curies
241p, 6.4 x 10-6 Curies
2815 " 5.2 x 106 a<Curies
2440 4.4 x 10-5 Curies
RH-TRY

The bounding RH-TRU accident is the shaft drop of canisters carrying
RH-TRU drums, In this accident, four canisters carrying three drums each
drop down the mine shaft and burst. Some 20 percent of the material

is released. The quantity of radionuclides released to the atmosphere
for such an incident is as shown in Table 4 (from GEIS, Table 5.4.25):
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Table 4. Radionuclide Eﬁissions from TRU Hoist Drop

3y

14¢
60co
63N4
905,
54Mn
95nb
137¢g
238py,
239y
240py
241p,
241am
242cn

244cn

The probability of occurrence was estimated in GEIS at 3.5 x 10'5/year.

2.5 x 10-1

4.4 x

1.6 x
1.6 x
1.2 x
8.1X
8.2 x

1.9 X

1.1 x
7.2 x
1.5 x
3.6 x
1.4 x
2.0 x
1.4 x

This is clearly an abnormal event.

four spent fuel (PWR) assemblies dropped down the shaft.

abnormal operation.

The Stearn's design calls for 6 PWR assemblies to be on a hoist.
hoist failure releases, therefore, the values reported in Table 5 must
be multiplied by 1.5 for the purposes of the current EA analysis.

10-4
10-6
107
10-5
10-8
10-8
10-8
10-9
10-11
10-10
10-8
10-10
10-9
10-9

Spent Fuel
In this accident, GEIS (Table 5.4.22) determined the consequences if
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Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies

Curies

This is an

Values reported in GEIS for radionuclide emissions are reported in Table

For
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Table 5. Spent Fuel Shaft Drop

GEIS EA Release
34 6 Curies 9
14¢ 4 x 10-2 Curies 6 x 10-2
85k 4 x 10%3 Curies 6 x 1043
905 o1 x 1074 Curies 2 x 10-4
90y 1 x 10-4 Curies 2 x 10-4
129; 6 x 10-3 Curies 9 x 10-3
137¢s 1.5 x 10-4 Curies 2.3 x 10-4
238py 4 x 10-6 Curies 6 x 10-6
239py 5.8 x 10-7 Curies 8.7 x 10-7
240py, 9 x 10-7 Curies 1.4 x 10-6
214p,, 1.4 x 10-4 Curies 2.1 x 10-4
281an 3.2 x 10-6 Curies 4.8 x 10-6
244cn 1.8 x 10-6 Curies 2.7 x 106

Spent Fuel Handling Accident

In this accident, the 12 PWR assemblies in a railcar cask are somehow
damaged within the receiving building. Because of filtration, virtually
all of the particulate is contained. -This is an incident chosen to
involve the greatest number of assemblies which could be affected by a
single cause event.

It is assumed that 30 percent of the void gases in the pins would be
released by the accident. Gaseous releases, then, can be found by
multiplying the values for 3y, 14c, 85k, and 1297 by “3" in the "GEIS"
column in Table 5 above (to account for 12 assemblies instead of 4) and
by "0.3" (to account for release fraction).
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Table 6. Spent Fuel Handling Accident Release -

3H . 5.4 -Curies
14¢ 3.6 x 102 Curies
85kp 3.6 x 103 Curies
1291 5.4 x 10-3 Curies

This is an abnormal condition.

Routine Operational Radionuclide Emissions

The routine operational release of radionuciides originates from the dis-
assembly of spent fuel elements. Based on a study by the Nuclear
Assurance Corporation, documented in DOE/ET-47912, Underwater Nuclear
Fuel Disassembly and Rod Storage, 0.1 to 0.3 percent of the rods will
stick in the spacers and 50 percent of those stuck rods will rupture
during disassembly. In the BWIP draft EA, the conservative assumption
that 1.0 percent of the rods stick and 50 percent of those rods rupture
was used. This leads to a failure fraction of .005. This is the

failure value to be used for the final salt EAs.

The total number of rods received in one year will vary from year to year
at the repository. Based on values in ONWI-258 (CRRD), the maximum
number of rods received in any one year will be 1,100,000 rods and the
annual average will be 634,000 rods. This is based on 50 percent spent
fuel and 50 percent CHLW. Also, the spent fuel is received in a ratio
of 3 BWR assemblies to 2 PWR assem)lies. Table 7 shows the maximum and
average annual releases expected. . The release values from the failure

of one rod are from DOE/ET-0028, Technology for Commercial Radioactive
Waste Management.

Table 7. Routine Uperatioﬁal Radionuclide Emissions

Emissioﬁs from Max imum Anaual Average Annual
Radionuclide One Failed Rod (Ci) Release (Ci) Release (Ci)
M 5.0 x 10-3 ~ 2.8x 10! 1.6 x 10!
14¢ 4.0 x 10-5 2.2 x 10-1 1.3 x 10-1
85k 3.0 1.7 x 104 9.5 x 103
1291 5.0 x 10-6 2.8 x 10-2 1.6 x 10-2
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The radionuclides 1isted in Table 7 repres&nt@those volatile fission
gases expected to be released if the cladding is ruptured. The values
documented in DOE/ET-0028 assume 6.5 year old spent fuel is involved.
Therefore, the values of the releases vary only slightly from what would
be expected from five year old fuel, which is called for in the generic
requirements. The releases documented here also assume only a fraction
of the rod inventory of fission gas is released.

The maximum annual release, based on the receipt of 1.1 million rods,
will be used to calculate compliance with 10 CFR 20 regulations which
govern the maximum permissible concentrations which can be released to
the unrestricted area. The annual release, based on the receipt of
634,000 rods, will be used for calculating the dose to the public
receives over the 26 years of operation. One repository design under
consideration calls for the emplacement of 100 percent spent fuei, or
twice as much spent fuel as in the reference case presented here. There-
fore, for the purposes of the preclosure radiological calculations, the
values stated in Table 7 will be doubled. This change effects only the
operational sourceterm.

The introduction of the disassembly sourceterm is in response to a
comment on the draft EAs by the NRC. The routine operation sourceterm
previously included in the draft EAs, where 6 rods fail per year during
transportation of the fuel assemblies to the site, has been disregarded
in this final analysis. This failure is considered insignificant -
compared to the 3,200 rods expected to fail in an average year due to
disassembly. Consequently, the sourceterm for routine operational
releases is very different from that in the earlier analysis,

JUM: fk
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SALT EXCAVATION SOURCETERM CALCULATIONS
STEVE MAHERAS'

Problem

1. In order to calculate the dose equivalent to the maximum individual and the
population dose equivalent from construction activities at a HLW repository,
radon and thoron sourceterms must be estimated.

2. Since radon and thoron decay serially, there is a time dependence on the
radon and thoron sourceterms. That is to say, the time necessary for a
radionuclide to migrate from source to receptor determines to some extent
the relative concentrations of the members of the series and therrefore the

dose equivalent.

3. There are three possible approaches to the problem.

a Assume all radionuclides in the chain are released in equal activities.

b. Calculate the ‘ime dependent sourceterm for each radionuclide in the
chain, assuming only radon and thoron is released initially.

c. Use an equilibrium constant to account for dispersion and radioactive
decay of radon and thoron once released.

Models and Assumptions

1. Rn-222 and R_nv-220 are liberated during salt excavation.
2. Rn-222 and Rn-220 decay while in the mine to its progeny.

3. Air in the mine is exhausted to the environment, along with Rn-222, Rn-220
and their progeny. ‘

4. The model used is serial decay of Rn-222 through Pb-206 and Rn-220
through TI-208.

5. The model assumes an initial deposition of Rn—222 or Rn-220 into a cohort

.

1

The research was performed under appointment to the Nuclear Engineering, Health Physics, and Radioactive
Waste Management Fellowship program administered by Oak Ridge Associated Universities for the uU.s.
Department of Energy. o
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of air which then moves out of the mine, that is to say, the initial
concentration of all radionuclides except for Rn-222 and Rn-220 are zero.

Rn-222 Mathematical Treatment

1 —=| 2 — 3 —_— 4 —_— 5 ——_ -] —

Rn-222 Po-218 Pb-214 Bi-214 Po-214 _,\fb-Z 10

~—=} 7 |—>| 8 [— ]| 9

Bi-210 Po-210 Pb-206

Differential Equations:

dg, = =9,

dt

da, =k,q, =~ k.,
dt

da, = k,a, = k9,
dt

dg, = k3q3 ~ k9,
dt

da = k,q, =~ kg9,
dt o

da = kgdg ~ kedg
dt

da, = kedg = k9,0
dt

dag = k.9, - k9,
dt

dt
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Solution for compartment 1 is: q (0 = q 1(0)9—"1'

Solutions for compartments 2 through 8 are of the form:

n-1 n Kt \\
= e i
q, q 1(O) Hi= kiZ e

. 8 8 -kt
= e ]
ag = g0 M k Z

i=1 i=1

Calculations

1. All radionuclides released in equal activities: [31]

ST

Radionuclide Activity,Curies
Rn-222 1.0x1072
Po-218 1.0x1072
Pb-214 | 1.0x10"2
Bi-214 - 1.0x1072
Po—z‘i‘ig‘4 1.0x10-2
Pb-210 . 1.0x1072
Bi-210 1.0x1072

-2

Po-210 1.0x10
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2 -
2. Time dependent release (q‘(O) = 1.0x10 2)

Activity, Curies

RN 1.0hr 2.0hr 5.0hr 24.0hr

Rn-222 99x10”3 99x10™2 96x10™> 8.3x10~3
Po-218 9.9x10™° 9.8x1073 9.6x10™° 8.3x1073
Pb-214 7.6x10"2 95x1073 g8x10™° 85x10™3
Bi-214 4.8x10°3 8.4x10”3 9.7x10™2 8.4x10~3
Po-214 a8x10”3 8.4x1073 9.7x10™" 8.4x107°
Pb-210 53x10 " 7.9x1072 53x10" " 8.3x10”"
Bi-210 1.1x1077 1.1x1077 1.1x1077, 15x1077
Po-210 62x10"° 6.4x10 > 6.9x10° 9.8x10”°

Time dependent release equilibrium factors:

Equilibrium Factor

RN  1.0hr 2.0hr 5.0hr 24.0hr

Rn-222 9.9x10”" 9.9x10”" 96x10”" 8.3x10""
Po-218 9.9x10”" 9.8x10”" 96x10”" 8.3x10""
Pb-214 7.6x10"" 95x10”" 9.8x10”" 85x10" "
B-214 4.8x10"" 8.4x10"" 9.7x10”" 8.4x10""
Po-214 4.8x10"" 8.4x10" 9.7x10"" 8.4x10""'
Pb-210 5.3x10° 7.9x107° 53x10°° 8.3x10°°
Bi-210 1.1x107° 1.1x107° 1.1x107° 15x107°
Po-210 6.2x10"" 6.4x10 6.9x10"7 2.8x10”7

3. Equilibrium Constant

The typical outdoor equilibrium ratios are 1.0/0.7/0.6/0.6 [7] for

Po-218/Pb-214/Bi-214/Po-214.  Therefore, if q1(0)

1.0x10"2, then _the following

/,
/)
/
27

activities are calculated:

%
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Radionuclide

Activity, Curies

Rn-222
Po-218
Pb-214
Bi-214

Po-214

Because this method was developed for use in determining Working Levels, it does not

consider Pb-210, Bi-210, or Po-210. Using typical equilibrium constants, these ratios can

be estimated at '.-'.».ZBx'IO"6/1.1x10"5/‘6.2x10“7 for those radionuclides respectively. If q, is

again assumed to equal 1.0x10_2, then the following activities are calculated:

Radionuclide Activity, Curies
Rn-222 1.0x1072
Po-218 1.0x1072
Pb-214 0.7x10~2
Bi-214 0.6x1072
Po-214 0.6x10"2
Pb-210 5.3x10°
Bi-210 1.1x107°
Po-210 6.2x10"’
Results

It is apparent that approach 1, all radionuclides released in equal activities, is the most

conservative, ie, it represents a worst-case scenario. This method estimates Rn-222

through Po-214 well when compared to the other methods and overestimates the

remaining activities by 5 to 6 orders of magnitude.

Approaches 2 and 3 yield comparable results in a time frame of one hour. After one
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hour, approach 2 becomes slightly more conservative, estimating Rn-222 through Po-214

as 1:1:1:1:1.

In summary, all approaches agree within an order of magnitude for the Rn-222 through

Po-214 portion of the decay series. However, approach 1 overestimates the Pb-210

through Po-210 portion of the chain by between 5 to 6 orders of magnitude when

compared to approaches 2 and 3.

Rn-220 Mathematical Treatment

1 — 2

Differential Equations:

dgq, =
dt

gg_z

dt

—_

Rn~220 Po-216

3 —

Pb-212

da, = k,q, = k;q,

dt

da, =k;9; ~ k9,

dt

da, = (063 k,q,

dt

da, = (0.36) k,q,

dt

TI~208

Po-212

Pb-208
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Calculations

1. Assume all radionuclides released in equal activities: [31]

Radionuclides

Activity, Curies

Rn-220
Po-216
Pb-212
Bi-212
Po-212
TI-208

74
7.4
7.4
7.4
4.7
27

X

X

X

X

X

1072
1073
1073
1073
1073
1073

2. Time dependent release (q,(0) = 1.5 x 1077

Activity, Curies

RN 60s 120s 300s 3600s

Rn-220 70 x 107° 33 x 10°° 34 x 107° 30 x 10722
Po-216 7.4 x 1073 33x 1072 34 x 107° 30 x 10722
Pb-212 1.1 x 107° 17 x 10°° 21 x 107° 20 x 107°
Bi-212 16 x 1077 33 x 107’ 98 x 107/ 1.0 x 107°
Po-212 1.0 x 1077 21 x 1077 63 x 1077 64 x 107°
TI-208 18 x 107° 1.8 x 107° 17 x 107° 13 x 107>
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3. Time dependent release equilibrium factors

RN 60s 120s 300s 3600s

Rn-220 0.47 0.22 23 x 1072 30 x 10722
Po-216 0.47 0.22 2.3 x 1072 3.0 x 10722
Pb-212 7.3 x 107° 11 x 1072 14 x 1073 13 x 1073
Bi-212 11 x 10°° 22 x 107° 85x 10> 67 x 10°°
Po-212 67 x 107° 14 x 107° 42 x 10°° 43 x 107°
Ti-208 12 x 1072 12 x 1073 1.1 x 1072 87 x 107°

4. Equilibrium constant. Assuming a 3600s decay time, equilibrium constants of
20x1072%/2.0x107%%1.3x107%/6.7x10"4/4.3x10"*/87%10™ can be calculated for

Rn-220/Po-216/Pb-212/Bi-212/Po~212/TI-208.

5. Summary

For the Rn-220 decay series, both approaches 1 and 2 yield comparable results for
releases. at 60s. Approéch 1 then becomes more conservative by 2 to 4 orders of
magnitude. However, in the time span most app.iicabie (between 1 and 2 hours), approach
1 is more conservative by 19 orders of magnitu;je for Rn=220 and Po-216, while only 2

to 3 orders of magnitude more conservative for Pb~212 through TI-208,
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An average stabilized uraniurﬁ mill tailings pile has a Rn-222 fiux of 500 pCi/mz.s

URANIUM MILL TAILINGS PILES

and an unstabilized pile has a flux of 650 pCi/mzs [15]

Typical tailings piles are about 120 acres or 500,00 m2 in area. Therefore, an

average tailings pile would emit approximately 2.4 "x ‘IO8 pCi/s of Rn-222 (2.4 x 1074

Ci/s). Using the three approaches outlined previously:

Approach 1 - All radionuclides released in equal activities.

Radionuclide Activity (Ci/s)
\%\ -

Rn-220 24 %10
Po-218 24 x107°
Pb-214 24 x 107°
Bi-214 24 x 107°
Po-214 24 x 107"
‘“\;\ Pb-210 24 x 107*
| Bi-210 24 x 10°°
| Po-210 24 x 107°
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Approach 2 - Time dependent release: (Ci/s)

RN 1 hr 2 hr 5 hr 24 hr
-4 ) -4 -4
Rn-222 24 x 10 24 x 10 23 x 10, 20 x
Pc-218 24 x 107 24 x 107° 24 x 107° 20 x
Pb-214 18 x 1077 23 x 1077 24 x 107° 20 x
Bi-214 12 x 1077 20x107%  23x107* 20«
Po-214 12 x 10°° 20 x 1077 23 x 10°* 20 x
Pb-210 13 x 107° 19 x 107° 53 x 107> 20 x
Bi-210 26 x107° 26 x 10°° 26 x 107° 36 x
Po-210 15x10°° 15x107'°  17x107'° 24«
Approch 3 = Equilibrium factors

Radionuclides Curies per second

-4
Rn-220 24 x 10
Po-218 24 x 107°
Pb-214 . 1.7 x 107°
Bi-214 . 14 x 1077
Po-214 14 x 1077
Pb-210 13 x 10°°
Bi-210 | 26 x 107°
Po-210 15 x 107"

,‘ O
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APPENDIX B

DEVELOPING RADIONUCLIDE EMISSION RATES

The first section of this appendix is a memo to S. J. Basham from
J. J. Mayberry on June 28, 1985. It contains the source terms used in the
radiological assessments associated with finalizing the draft environmental

. assessments. The second section is a radon emission calculation made by
S. Maheras.
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SALT PILE RADGN SOURCETERM CALCULATION
Soil typically contains 0.6 pCi per gram of soil and releases radon at a rate of 042 pCi
Rn-222/m2.s. Rock salt contains approximately 0.033 pCiU/g rock salt. Assuming' that
rock salt releases the same fraction of Rn-222 that soil does, rock salt should release
0.023 pCi Rn—222/m2.s. By piling rock salt on top of soil, which effectively smothers the

soil release of radon, the net radon release rate is reduced by 95%.

/
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C.1 INTRODUCTION

4]

The ISDOSE computer code was developed at Battelle Memorial Institute
for the Office of Nuclear Waste Isolation (ONWI) to calculate submersion and
inhalation doses from atmospheric releases of radionuclides from a nuclear
waste repository. ISDOSE can calculate doses from both normal and accidental
releases. It contains two dose factor libraries: one for submersion dose
factors (SDF) and one for inhalation dose factors (IDF). ISDOSE can calculate

the dose for 37 different radionuclides, given the nuclides and their release
quantities.

ISDOSE can calculate the dose commitment and the total dose for each of
the nuclides in the input data set, and the percentage of the total dose for
each of the nuclides. Tables are printed for both the annual dose from a
1-year release and a 50-year dose commitment from the total release. Only
the 50-year dose commitment is printed for accident cases.

ISDOSE can be set up to calculate the dose to a given population or to
the maximum individual. The population distribution input is in the form of
a circular grid. A wind frequency input is required for each sector of the
grid, and a X/Q, the dispersion factor for airborne contaminants, input
is required for each annuli. In a maximum individual run, the population and
wind frequency for the first sector and the first annuli are set to one. A
maximum exposed individual run calculates the maximum dose delivered to an
individual given appropriate input.

The ISDOSE computer code has been set up~to calculate inhalation and sub-
mersion doses for most preclosure releases from a nuclear repository. It will
handle population and maximum exposed individual doses for both normal opera-
tions and accident cases. This report includes an in-depth discussion of its
inputs, and its two libraries. The program listing, sample, input, and output
are also inecluded.

C.2 THEORY AND CALCULATIONS

. The theory behind the dose equivalency calculations in ISDOSE relies on
the application of inhalation and submersion dose conversion factors to cal-
culate the dose via the inhalation and submersion pathways. The inhalation
dose factor enables the calculation of a dose equivalency when the quantity of
radionuclide intake is known. In the case of the submersion pathway, the dose
is calculated for an exposure to an concentration of a radionuclide in air.
ISDOSE manipulates the inputted data to arrive at intake and air concentration

values, then applies the dose factors contained in the IDF and SDF libraries
to calculate the dose. -

C.2.1 Maximum Exposed Individual Dose Assessmen£

ISDOSE applies the following equations to caleulate the dose to the maxi-
mum exposed individual:
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Inhalation:

Hr,50 = gi . 1(X/Q) * Q * IR ¢ IDFj * Ief (c-1)
where
Hr,50 = The 50-year dose commitment to the total body from the exposure,
mrem
X/Q = T?e dispersion factor for airborne contaminants for a given site,
s/m
Qi = The annual release quantity for radionuelide i, Ci/yr
IR = Inhalation rate constant, 20 m3 of air/day
IDFj = Inhalation dose factor for radionueclide i, mrem/uCi
Ief = Unit conversion factor, 11.57 day uCi/s . Ci
Submersion:
K
Hr,50 = 21 = 1(X/Q) *+ Qi * SDFj * Sef (C-2)
where
SDF; = Submersion dose factor for radionuclide i,‘mrem/yr per uCi/em3
Sef = Unit conversion factor, 3.17 x 10-8 (uCi « yr + em3)/

(m3 + Ci -+ s)

In the case of the maximum exposed individual, the maximum X/Q is used in
the calculation. This value represents the greatest concentration of the
radionuclide in the air and, therefore, the greatest inhalation intake or sub-
mersion exposure. The release quantities zre supplied as input. The inhala-
tion and submersion dose factors are found in Tables C-1 and C-2.

The application of the dose factors given in the tables result in a
50-year dose commitment from a given exposure. Since the regulatory standards
are for an annual dose, the dose yielded in the code would need to be altered
to be compared to those standards. Instead of making that calculation, the
50-year dose commitment from an annual release is stated as an annual dose.
This'position results in an annual dose that overestimates the actual value,
and is therefore conservative. For the radionuclides of significance in the
repository dose assessment, the overestimation ranges from a factor of 2 to
10. [35]

The 50-year dose commitment from a release overbthe lifetime of the

facility is also ealculated by ISDOSE. This value is obtained by calculating
he annual dose and multiplying this vaiue by the facility life, in years.
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Table C-1. Submersion Dose Conversion Factors

Dose Factors#

mrem/yr per

Dnse Factors#
mrem/yr per

Radionuclides uCi/em Radionuclides uCi/em
H-3 0.0 Rn-220 2.67 x 106
C-14 2,18 x 103 Rn-222 1.98 x 10°
Mn-54 4,44 x 109 Pu-238 4.7 x 105
Co-60 1.31 x 1010 Pu-239 4.26 x 102
ii-63 0.0 Pu-240 4.63 x 105
Kr-85 2.66 x 107 Pu-2U1 0.0
Sr-90 1,07 x 107 Am-241 9.66 x 107
Y-90 7.33 x 107 Cm-242 5.25 x 105
Nb-95 4,03 x 109 Cm-244 4.48 x 105
Ru-106 0.0 Po-210 0.0
Te-125 5.03 x 107 Bi-212 8.25 x 109
I-129 4.29 x 107 Bi-214 4.4 x 105
Cs-134 8.14 x 109 Tu-208 4.48 x 104
Cs-137 8.36 x 106 Po-218 7.66 x 104
Ce-144 9.44 x 107 Po-214 1.01 x 109
Eu- 154 6.59 x 109 Po-216 0.0
Bi-210 2.64 x 107 Po-212 2.01 x 1910
Pb-210 6.85 x 106 Pb-212 7.55 x 108
Pb-214 1.28 x 109

*Dose factors converted from Sievert per year per Becquerel per cubic centi-
meter (Sv/yr per Bg/em3).

Source: Kocher, D. C., 1983(22),

81



Table C-2. Inhalation Dose Conversion Factors

Dose Factors* : Dose Factors*
Radionuclides mrem/uCi Radionuclides mrem/uCi
H-3 6.3 x 1072 Rn-220 N/A#
c-14 2.4 x 1072 Rn-222 N/A*
M-Sy 6.3 Pu-238 4.5 x 105
Co-60 1.5 x 102 Pu-239 5,2 x 10°
Ni-63 3.1 Pu-240 5.2 x 10°
Kr-85 N/A® Pu-241 1.0 x 10%
Sr-90 1.3 x 103 Am-241 5.2 x 10°
1%1-90 8.1 Cm-242 1.7 % 10
Nb-95 4.4 Cm-244 2.7 x 103
Ru-106 4.4 x 102 Po-210 7.88 x 103
Te-125 6.7 Bi-212 1.74 x 107
I-129 - 1.7 % 102 Bi-214 5.92
Cs-134 3.2 x 101 E Tu-208 9.1 x 103
Cs-137 3.2 x 101 - Po-218 1.91 x 10!
Ce-14Y 3.5 x 102 Po-214 0.0
Eu- 154 2.6 x 102 Po-216 0.0
B1-210 1.9 x 102 Po-212 0.0
Pb-210 1.3 x 10% | Pb-212 1.6 x 102
Pb-214 6.7 L

¥Dose factor is not applicable.
+Dose factors converted from Sievert per Becquerel (Sv/Bq).

Source: ICRP 30, ICRP 1978-1982(21),
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C.2.2 Population Dose Assessment

The population dose is calculated in a similar manner as discussed for
the maximum exposed individual. However, for the population case, the expo-
sure is calculated for every person living in a specified area.

For this caleculation, a population make-up is supplied as input. This
make-up is in the form of a circular grid. Figure C-1 shows an example of one
such grid. Each segment represents an area. The value within the segment
represents the number of people who live in that area. The grid in the figure
is comprised of five 10-mile wide annuli. However, the grid can represent any
area. The only restraint is that no more than 20 ‘annuli are used and that
each annuli is divided into 16 sectors. These sectors represent 16 wind
directions, each 22.5 degree angles.

Additional parameters for the assessment include X/Q values for each
annuli in the desired population grid and wind frequency data for the 16
directions. An example of the frequencies is presented in Table C-3.

The population dose is assessed with the following equation:

N 16
Hr,50, population = 2, - 125 . 4#T,50, individual, n ¥ Popn,j X WFy (C-3)

where,
Hr, 50, population = Population 50-year dose commitment, person-mrem
Hr,50, individual, n = The dose commitment as calculated for the indi-
vidual case. The X/Q use is. for the annulus, n,
the population segment is in mrem

Popn,j = The population in annulus, n, sector, j, persons

WFJ = The fraction of the time the wind blows into
sector, j

As in the case of the maximum exposed individual, the dose values

reported as annual doses are multiplied by the facility lifetime to calculate
the 50-year commitment from the releases over the life of the plant.

C.2.3 Accident Release Dose Assessment

The dose assessment for accidental releases is the same as for routine
releases outlined in the earlier section. The only differences are that
the releases are in curies, i.e., the total release from the event, and the

results of the assessment are only given in terms of a 50-year dose
commitment,

83

R



_z_)

ARMSTRONG

RANDALL

SWiSHER |
i

Figure C-1. Circular Grid Showing Annuli and Sections
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Table C-3. Wind Frequencies Use for the First Sample Run

Direction Wind Frequency - Wind Direction Code
N 0.19 1
NNE 0.1 2
NE 0.1 3
ENE 0.06 y
E 0.06 5
ESE 0.03 6
SE 0.04 7
SSE 0.04 8
S 0.08 9
SswW 0.05 10
SW 0.04 1"
WSHW 0.02 12
W 0.03 13
WNW 0.02 14
NW 0.05 15
NNW 0.07 16

ol

C.3 RADIONUCLIDE DOSE LIBRARIES

There are three radionuclide dose factor libraries contained within
ISDOSE. The first, IDF, is the inhalation dose factor library. The second,
SDF, is the submersion dose factor library. The third library, RNLIB, con-
tains the names of the 37 radionuclides that are in the two dose factors
libraries. The dose factors for both inhalation and submersion are stored in
the same order as the nuclides are in RNLIB. That is, the dose factor value
of H-3, the first nuclide in RNLIB, is the first dose factor in IDF and SDF.
The radionuclides and their submersion dose factor values are listed in
Table C-1. The radionuclides and their inhalation dose factor values are
listed in Table C-2.

C.4 RUNNING THE ISDOSE CODE

ISDOSE was developed to calculate submersion and inhalation doses from
atmospheric releases of radionuclides from a nuclear waste repository. ISDOSE
can calculate doses from both normal and accidental releases for the maximum
individual and population cases.

Tne ISDOSE code is set up to run as a simple code. It has only one input
file and one output file. The input file is set up to be read in a free for-
mat form, except for the title and radionuclide data which are set up to be
read in as character data. ISDOSE reads in input data sets, runs, and then
prints the output until it finds the end of the input file. There can be more
than one input data set in a single ISDOSE run. The input is assigned to log-
ieal unit 8, while the output is assigned t¢o logical unit 9. The number of
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inputs varies with the type of run that is desired, maximum exposed individ-
ual, or population. The inputs that are needed for these different runs are
similar. The input options are described in the input section that follows.

C.4.1 ISDOSE Input

The input consists of the title of the run, the number of annuli, the
number of radionuclides, the length of time of the release, the atmospheric
dispersion characteristics of the site (x/Qs), the radionuclides that are
released, and their release quantities. The input also includes the maximum
individual and accident case flags. If bcth flags are set greater than zero,
then ISDOSE reads the population and wind frequency information. If the acci-
dent case flag is set greater than zero and the maximum exposed individual
flag is not, then ISDOSE reads a wind direction and the population in that
direction, instead of a wind frequency and the total population.

The inputs and their descriptions are listed in the order that they are
read in. All the input is in a free format, except for the radionuclide iden-
tification information which is a character string with a 1085 format and the
title which is a character string with a 465 format.

cwide Title - the title. It is printed out on the top of each output
" page. Title is a character variable of length 65.

2. N - the number of annuli in the run. N is an integer variable that
is less than or equal to 20. N is set to one on a maximum individ-
ual run.

3. K - the number of radionuclides in the run. K is an integer vari-
able that is less than or equal to 37, the total number of radio-
nuclides in the dose factors libraries.

4, T - the total release time. T is a real variable. T is set to one
in accident case run.

5. Iflag - the maximum individual flag. The Iflag is set greater than
or equal to one for a maximum individual run; it is set tc less than
one for a population run.Qnglag is an integer variable.

N

6. Iflag2 - the accident case flag. The Iflag2 is set greater than or
equal to one for an accident run; it is set to less than one for a
nonaccident run. Iflag2 is an integer variable.

7. Chig(N) - the x/Qs. There is one x/Q inputted per annuli, Chiq is
a real variable with a maximum array size of 20. The maximum x/Q is
inputted in a maximum exposed individual run.

8. Rn(K) - the radionuclides. There are k radionuclide inputs. Rn is
a character variable of length 5 with a maximum array size of 37.
Rn is entered with a 10A5 Fortran format. The nuclides are entered
in c?pital letters and flush right (blank spaces, if any, fill
left). : : '

§

86



9. Q(XK) - the radionuclide release quantity. There is one ralease
quantity input for each radionuclide. The units are curies per year
for normal runs and total curies for the accident runs. Q is a real
variable with a maximum array size of 37.

For Nonaccident Cases Runs

10. Wf(16) - the wind frequency. A wind frequency is entered for each
sector. A sector is one sixteenth of an annuli, with each sixteenth
representing one of the 16 wind directions. The input of the sec-
tors starts at North, then input each sector in a clockwise motion
to North-northeast finally ending at the North-northwest sector
forming a circular grid. Figure C-1 gives a view of the circular
grid formed by the sectors and annuli. Table C-3 gives the table of
wind frequencies for Figure C-1. The data in Table C-3 is used in
the first sample run. Wf is a real variable with an array size of
16. In a maximum individual run the wind frequencies are not
entered, but are set to one.

11. Pop(16,N) - the population. A population value is entered for each
sector of each annuli. The populations are inputted in the same

. order as the Wind Frequencies. The sectors start at the North sec-
tor; then run in a clockwise motion to the North-northeast sector,
finally ending at the North-northwest sector. The sectors of the
center annuli inputted first followed by the sectors of the next
annuli. Figure C-1 gives a view of the circular grid formed by the
annuli and the sectors. The values of Figure C-1 are used in the
first sample run. Pop is a real variable, a double subscripted
array, with the first subscript of 16 and a second a maximum of 20.
In a maximum individual run the population is not entered, but is
set equal to one.

For Accident Cases Runs

10. Iwd - the wind direciton. It is entered in an accident case. Iwd
is an integer that represents the wind direction in an accident
case. The values run from one to 16 with one being north running
clockwise to 16 representing north-northwest. The values that
represent the wind directions are listed in Table C-3. Iwd is not
entered in a maximum individual run.

11. Pop(Iwd,N) - the population. In an accident case the population is
entered for each annuli and for each sector in the wind direction
set by Iwd. Pop is a real variable, a double subscripted array,
with the first subseript value set to equal Iwd and the second to a
limit of 20. In a maximum individual run the population is not
entered, but is set equal to one.

C.4.,2 ISDOSE Output

The ISDOSE output is in a preset format. The date and title are printed
first to identify the run. Next, the input variables are echoed out. This is
done so input data can be found quickly and easily and debugging can be done.

1
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After the input is written, ISDOSE prints the dose commitment and the total
dose for each of the nuclides entered. For accident runs, ISDOSE prints the

"50-year dose commitment. For nonaccident runs, ISDOSE prints both the annual

dose from a 1-year release and 50-year dose commitment from the total release.
For both the 1-year and the 50-year release ISDOSE prints the percentage of
the total dose contributed by each of the nuclides. The data set run number
is also printed to identify the run.

C.4.3 Warning and Error Messages

ISDOSE has one warning message and one error message. The warning mes-

‘ sage 1s for the inhalation dose factor library. The warning message states

"###Warning -~ KR85 is not in Inhalation Library." This is printed because
for three nuclides in the radionuclide library (KR85, RN220, and RN222) the
inhalation dose factors are not applicable, while submersion dose factors are.
ISDOSE sets their inhalation dose factors to zero.

The error message prints out when a nuclide is not found in the library
or is not in the correct format. To be read properly by ISDOSE the nuclide
must be entered in capital letters, flush right in a 5 character format (blank
spaces fill left). For example, I-129 would be entered as ' I129', while
Rn-222 would be entered‘ss 'RN222'. If this error is flagged, the error
message is printed out; and the data set that flagged the error is skipped.
ISDOSE would then go on to the next data set.

C.5 SAMPLE RUNS

This section presents several sample runs. The first sample run uses the
population input information in Figure C-1 and the wind frequency information
in Table C-3. The second sample run uses the same information as the first,
but flags the accidental release run. The third sample run also uses the same
input data as the previous two, but it is set up as a maximum individual runm,
so the population and wind frequency data are not entered. The fourth sample
run is a maximum individual accident case run. The fifth sample run flags all
of the error and warning messages that are in the code.

K
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C.5.1 Sample Input File

Sample Run Number One - Population Run
§ 16 26 0 O
8.93e-7 2.01e-7 5.62e-8 B.16e-8 4.49e-8
H3 C14 KR85 I1125P0218PB214BI1214P0214PB210B1210
P0210P0216PB212B1212P0212TU208
3.2€1,2.8E-1,1.9E4,3.2E-2,2.9E-4,2.8E-4,2.0E-4,2, 9E- 4,2,9E-4,
2.9E-4,2.9E-4,2.2E-4,2.2E-4,2,2E-4,1.4E-4,7.8E~5
-18 .11 .11 .08 .06 .03 .04 .04 .08 .05 .04 .02 .03 .02 .05 .07
816. 16. 16. 69. 89. 69. 68. 69, 89. 69, 69. 69, 68. 68. 16. 186.
47. 47. 47. 47. 206. 208. 206. 206. 206. 206. 208. 206. 206. 47. 289. 47.
78. 78. B73. 873. 15600. 559. 559. 343. 16200 343, 343. 343. 343. 78, 78. 78.
124. 110. 1230. 71200. 61300, 11200. 787. 64S. 849. 4480. 483. 483. 124. 110,
110. 110,
158. 301. 1580. 5810. 1010. 1010. 1320. 6150. 832. 2370. 887. 673. 500. 159.
158. 159.
Sample Run Number Two - Accident Population Run
5 16 1 0 1
8.93e-7 2.01e-7 9.62e-8 6.16e-8 4.49e-8
H3 C14 KR85 I129P0D218PB214BI214P0214PB210B1210
PO210P0216PB212BI212P0212TU208
3.2E1,2:6E-1,1.9E4,3.2E-2,2.9E-4,2.9E-4,2.9E-4,2.9E-4,2. 95~ -4,
2.9€E-4,2.9E-4,2,2E-4,2.2E-4,2.2E-4,1.4E-4,7.8E-5
4 69. 47, 873. 71200. 5810.
Sample Run Number Three - Maximum Individual i
1 16 26 1 ©
8.93e-7
H3 €14 KR85 I129P0218PB214B1214P0214PB210BI210
PD210P0216PB212B1212P0212TU208
3.2E1,2.8E~1,1.9E4,3.2E-2,2.9E-4,2.9E-4,2.9E-4,2.9E~4,2. 9E- -4,
2.89E-4,2.8E-4,2.2E-4,2.2E-4,2.2E-4,1,4E-4,7.8E~5
Sample Run Number Four - Maximum Individual Accident Run ©
1 16 1 1 1
8.83e-7
H3 C14 KR85 I129P0218PB214BI1214P0214PB210BI1210
P02 10P0216PB212B1212P0212TU208
8.2E1,2.8E-1,1.9E4,3.2E-2,2.9E~4,2.9E-4,2. 9E- 4,2.9E-4,2.9E-4,
2.9E-4,2.9€-4,2.2E-4,2.2E-4,2.2E-4,1.4E-4,7.8E~5
Sample Run Number Five - Error and warning Messages
1 4111
8.93e-7
KR85RN220RN222AG107
1.0 1.0 1,0 1.0
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C.5.2 Sample Output File

axxxxsazrecrerlsdose V1, 0ssxxsesrxexsssnss Date 31-JUL-85

Sample Run Number One - Population Run

The Amount of Time is 28.0 years.

The X/Q s Used(sec/cubic meters): 8.830000E-07
2,010000E-07
9,820000E-08
6. 160000E-08

. 4.480000E-08
1%

The Radionuclides and Their Releases(Ci/yr):

H3 32.0000
c14 0.260000
KR85 18000.0
1129 3.200000E-02
P0O218 2.900000E-04
PB214 2.800000E-04 )
BI214 2.900000E-04 g
PO214 2.900000E-04
PB210 2.900000E~04
BI210 2.900000E~04
P0210 2.900000E~04
P0216 2.200000E-04
PB212 2.200000E~-04
BIZ12 2.200000E-04
P0212 1.400000E-04
TU208 7 .800000E-~05

Wind Frequencies and Populations: "
\!/

Wind Freq )
N 0.180 816. 47. 78. 124. 188. °

NNE  0.110 16. 47. 78. 110. 301.
NE 0.110 i6. 47. 873, 1230. 1580.
ENE 0.080 68. 47. 873. 71200. 5810.
E 0.060 69. 208. 15600. B1300. 1010.
ESE  0.030 68. 208. 5§59. 11200. 1010.
SE 0.040 68. 206. 558. 787. 1320.
SSE  0.040 69. 206. 343. 649. 6150.
S 0.080 69. 208. 16200.  649. 832.
SSW  0.050 68. . 206. 343. 4490. = 2370.
SW 0.040 69. 206. 343. 483. 867.
WSW  0.020 8s. 208. 343. 483. 673.
W 0,030 69. 206. 343. 124, 500.
WNW  0.020 6s9. 47. 78. 110. 158.
NW  0.050 16. 269. 78. 110. 159,
NNW  0.070 16. 47. 78. 110. 158.

***Warning -- KR85 not in Inhalation Dose Factor Library, assumed to be zero

e - \Q
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Sample Run Number One - Population Run

Annual dose from a 1 year release

Radionuclide Inhalation Dose(person-mrem)

H3
ci4
KR8S
1128
PD218
PB214
8I214
P0214
PB210
BI210
P0O210
P0O2186
PB212
BI212
P0212
TU208

Total

4,25697E-02
1.31763E-04
0.00000E+00
0.11487

1.18961E-04
4.10282E-05
3.62518E-05
0.00000E+00
7.868070E-02
1.16348E-03
4.82541E-02
0.00000E+00
7.43280E-04
8.08317E-05
0.00000E+00
1:48881E-08

0.28762

50 Year dose commitment from a

Radionucl ide

H3
c14
KR8S
1128
PO218
PB214
BI214
PD214
PB210
Bi210
PO210
P0216
PB212
BI212
P0O212
TU208

r

Total

Inhalation Dose(person-mrem)

1.1068
3.42585E-03
0.00000E+00

2.8866
3.04098E-03
1.06673E-03
9.42547E~-04
0.00000E+00

2.0688
3.02507E-02

1.2546
0.00000E+00
1.93253E-02
2.10162E-03
0.00000E+00
3.89690E-07

e

*x*End of Run Number 1

14,
- 0.
0.
39.
0.
0.
0.
0.
27.
.40%
.78%
.00%
.26%
.03%
.00%
.00%

-
O0O0O0O0MOO

80%
05%
00%
94%
04%
01%
01%
00%
68%

Date 31-JUL-85

Submersion Dose(person-mrem)

0.00000E+0Q0
1.89701E~-06
16.915
4,58458E-05
7.43474E-10
1.24236E-05
4,.27061E~09
9.80299E-06
6.64856E-08
2.56237E-07
0.00000E+00
0.00000E+00
§5,55916E-06
6.07457E-08
9.41810E-05
1.16953E-10

26.000 year release

1

-
00000 ONOODO0OOWOOA

.80%
.05%
. 00%
.94%
.04%
.01%
.01% ..
.00%
.68%
. 40%

78%

.00%
.26%
.03%
.00%

-

91

0.00%
0.00%
100.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.09%
0.00%
0.00%

100.00%

Submersion Dose(person-mrem)

0.00000E+00
4.93222E-05
439.79

. 19459E-03
.93303E-08
.23013E-04
. 11036E-07
.54878E-04
.72863E-06
.66215E-06
.00000E+00
.O0000E+00
.44538E-04
.§7938E-03
.44871E-03
.04078E-08

WN 4000 4N 4 WA

.00%
.00%
.00%
.00%
.00%
.00%
.00%
.00%
.00%
.00%
.00%
.00%
.00%
. 00%
.00%
. 00%

10

0C00DO0OO0OO0ODODO0DO0ODO0O0DO0O0DOO

W,
\



k<
&

*xx k2 kxx%%x%x1SCHOSE V1. OX*xx kxR RREXEE Date 31~JUL~85

Sample Run Number Two - Accident Population Run

o

Accident Case Run
The X/Q s Used(sec/cubic meters): 8.930000E-07 :
2.010000E-07 ‘
9.620000E-08
6. 160000E~-08
4.490000E-08

The Radionuclides and Their Releases(Ci):

H3 32.0000
c14 0.260000 .
KR8S 19000.0
1128 3.200000E-02
PD218 2.9800000E-04 “
PB214 2.900000E-04
BI214 2.800000E-04
PO214 2.900000E~-04
3 PB210 - 2.900000E~04
BI210 2.900000E-04
PO210 2.900000E-04
P0O216 2.200000E-04
PB212 2.200000E-04
BI212 2.200000E-04
PO212 1.400000E-04
Tuz08 7 .800000E-05

Wind Frequencies and Populations:

‘Wind Freq
N 0.000 0. 0. 0. 0. 0.
NNE 0.000 0. o. 0. 0. 0.
NE  0.000 o. 0. 0. 0. 0.
ENE  1.000 69. 47. 873. 71200. 5810.
E 0.000 0. o. 0. o. 0.
ESE  0.000 o. 0. 0. o. o.
SE  0.000 o. 0. o./ 0. o.
SSE  0.000 0. 0. v 0. % 0. 0.
S 0.000 0. 0. 0. 0. °.
SSW  0.000 0. 0. 0. 0. 0.
SW  0.000 0. 0. 0. 0. 0.
WSW  0.000 0. 0. 0. 0. o. N
W _0.000 0. 0. 0. 0. 0. h
WNW  0.000 0. 0. 0. 0. 0.
" NW  0.000 0. 0. 0. 0. 0.
. NNW  0.000 0. 0. 0. 0. 0.

o
v

*xxWarning -- KR85 not in Inhalation Dose Factor Library, assumed to be zero




Sample Run Number Two - Accident Population Run

50 year dose commitment

Radionuclide Inhalation Dose(person-mrem)

H3 0.
c14 5.
KR85 0.
I129 0.
PD218 5
PB214 1
BI214 1
P0214 (o]
PB210 (o]
BI210 5
P0210 (o]
P0216 o
PB212 3
BI212 3.
P0212 0.
o TU208 6.
Totatl 1.

***xEnd of Run Number 2

19361
99269E-04
O0000E+00
52244

.31947E-04
.86599E-04
.64876E-04
. O0000E+00
. 36206

.28162E-03
.21946

.00000E+00
.38049E-03

67629E-04
00000E+00
81B669E-08

14
0
o

39

.80%
.05%
.00%
.94%
.04%
.01%
01%
.00%
.88%
.40%
.78%
.00%
.26%
.03%
.00%
. 00%

93

Submersion Dose(person-mrem)

0.00000E+00
8.62773E-06
76.931

2.08965E-04
.38137E-08
.85034E-05
.94230E~-08
.45847E-05
.02381E-07
. 18538E-06
. 00000E+00
. O0000E+00
.52834E-05
.76276E-04
.28342E-04
.31911E-10

BE2NMNNOOaWwLaW

0.
0.
100.
.00%

O0o0oO0OO0OOOOOOOCOO

Date 31-yUL-85

00%
00%
00%

00%

.00%

00%
00%

.00%
.00%
.00%

00%
00%

.00%
.00%

00%

N
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The Amount of Time is

The X/Q s Used(sec/cubic maters):

‘Sample Run Numser Three - Maximum Individual

26.0 years.

Date 31-JUL-85

8.830000E-07

The Radfonuclides and Their Releases(Gi/yr):

N

This is a Maximum

sxxWaprning -~ KR8S

-H3
Ci14
KR85
1128
PO218
PB214
BI214
PO214
PB210
BI210
PO210
PO216
PB212
8I212
PD212
TU208

32.0000
0.260000

19000.0
3.200000E~02
2,800000E-04
2.800000E-04
2.900000E~043
2.900000E~-04

2.800000E-04 .-

2.900000E~04
2,900000E-04
2.200000E-04
2.200000E~04
2.200000k-04
1.400000E~04
7.800000E-05

Individual Dose Run

not in Inhalation Dose Factor Library, assumeq to be zero
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Sampie Run Number Three - Maximum Individual

Annual dose from a 1 year relaase

Radionuclide Inhalation Dose(mrem)

H3
' Cci4

KR85

1129
PO218
PB214
BI214
PO214
PB210
BI1210
P0210
P0216
PB212
BI212
PO212
TUZ208

Total

i

2.52040E-03
7.80125E-08
0.00000E+00
6.801CHE-03
.92488E-06
.42914E-08
. 14634C-06
.O0000E+00
.71325E-03
.88860E-05
.856896E-03
.00000E+00
.40070E~05
.78577E-06
. O0000E+00
.87392E-10

[ e dhabatad

1.70287E-02

WO&&ONG&ONNW

14.80%
0.05%
0.00%

-39.94%
0.04%
0.01%
0.01%
0.00%

27.68%
0.40%
16.78%
0.00%
0.26%
0.0%%
0.00%
0.00%

50 Year dose commitment from a 26.000 year

Radionuclide Inhalation Dose(mrem)

H3
ci4
KR85
1129
PO218
pB214
BI214
P0214
PB210
= BI210
P0210
PO218
PB212
BI212
PO212
TU208

Total

6.55305E-02
'2.02832E-04

0.00000E+D0
©0.17683

1.8004BE-04,

8.315768E-05
5.58049E-05

0.00000E+00

0.12254

1.78104E-03
7.42808E-02
0.00000E+00
1.14418E-03
1.24430E-04
0.00000E+00
2.30722E-08

0.44275

sxxEnd of Run Number 3

N

-h
00000 MONOO
~J
[

b

95

Submersion Dose(mrem)

0.00000E+00
1.12315E-07
1.0015
2.72030E-08
4.40185E-11
7 . 35558E-07
2.5284BE-10
5.80401E-07
3.936838E-09
1.51709E-08
0.00000E+00
0.00000E+00
3.29138E-07
3.59654E-06
5.57613E-06
G:82439E-12

-------------

release

Date 31-JUL-85

=0
0.
100,

O’OOOOO_0.0?

00%
00%
00%

------

100.

00%

submersion Dose{mrem!

i
0.00000E+00
2.82020E-06
26.039
,07277E-05
. 14448E-09
.91245E-05
.57405E-08
.50904E£-05
.02346E-07
.94443E-07
. O0000E+00
.00000E+00
.55759E-06
.35101E-05
.44979E-04
.80034E-10

D2 DDOO W42l

)
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tlttttltlt;ltllsdosa Vi.0ssss5535338888238 Date 31-JUL-85
Sample Run Numbe;!Four - Maximum Individual Accident Run
Accident Case Run
The X/Q s Used(sec/cubic maters): 8.930000E-07

The Radionuc)ides and Their Releases(Ci):

H3 32.0000

c14’ 0.260000

KR8S 18000.0
1129 3.200000E-02
PO218 2.900000E-04
PB214 2,900000E-04
BI214 2.900000E-04
PO214 2.800000E-C4
PB210 2,800000E~04
8I210 2.900000E-04
PO210 2.800000E~N4
PO216 2.200000E-04
PB212 2,200000E-04
B1212 . 2;200000E-04
P0212 - 1.400000E-04
TU208 7.800000E-05

This is a Maximum Individual Dose Run

sssWarning -- KR85 not in Inhalation Dose Factor Library, assumed -to be zaro

#

kY
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. Sample Run Number Four - Maximgm Individual Accident Run

50 year dose commitment

Radlombiﬁa‘ Inhalation Dose(mrem)

H3
ci4
KR85
1129
PO218
PB214
BI214
P0O214
PB210
BI210
PO210
PD216
PB212
BI212
PO212

TU208

Total

N

9]

2.52040E-03
.80125E-08
. O0000E+00
.80109E-03
.92486E-08
.42914E-06
. 14634E-06
.O0000E+00
.71325E-03
.88880E-05
.85698E-03

.40070E-05
.78577E-06
0.00000E+00
8.87392E-10

------ meo---

'1.70287E~02

DHRONIIPONNOOONOSN

sxxEnd Oof Run Number 4

.0000OE+00,

14.80%
0.05%
0.00%

39.94%
0.048%
0.01%
0.01%
0,00%

27.688%
0.40%

16.78%
0.00%
0.28%
0.03%
0.00%

Date 31-JUL-85

it

Submersion Dose(mrem)

0.00000E+00
1.12315E-07
1.0015
2.72030E-06
4.4018SE-11
7.35558E-07
,52848E-10
.80401E-07
.93638E-08
.5170¢E-08
. 00000E+00
. O0000E+00
.29138E-07
.59654E-06
5.57613E-06
8.92439E-12

N\
-

WWOO=-WLUN

H

00090090000008
o
Q
b

W
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scrssxsesaxsszlsdose V1 _6::--::::-:::::::: Date 31-JUL-85

Sample Run Number Five - Error and Warning Messages

Accident Case Run
T X/Qas Used(sec/cubic meters): 8.930000E-07

The Radionuclides and Their Releases(Ci):

KR85 1.00000
RN220 1.50000
RN222 1.00000 a
AG107 1.00000

This is a Maximum individual Dose Run

sxsWarning -- KR85 not in Inhalation Dose Factor Library, assumed to be zero
sxxWarning --RN220 not in Inhalation Dose Factor Library, assumad to be zero
rssparning --RN222 not in Inhalation Dose Factor Library, assumed to be z=3ro

sesEpror --AGI07 S not in Nuclide Library, input data sat skipped

ss3End of Run Number 5

W
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C.6 PROGRAM LISTING

Program ISDOSE

H3
Y80
CE144
PB212
RN220
cM242

Author

Language

. Sdose(37)

Version 1.0

Description

J. Furr

Fortran

This program can calculate inhalation and Submersion
doses. It contains two libraries, one for inhalation abd
one for submersion, each with the same 37 radionuclides and
their dose factors. It can calculate the doses for normal
and accidental releases. It can also calculate either
population or maximum indivicual doses.

c14
NBSS
EV154
P0214
RN222
CM244

Vvariables used

chiq(20) -
Day -
Dsf -
Icf -
1df(37) -
Idose37) -
Idsum P
1flag -
1f1ag2 -
Index -
Indose -
Ipert -

Ir -

Ispert -
Iwd - -
K -
Ny -
Pop('16,20)-
Q(37) -
RN(37} -
RN1iB(37)
Scf -
Sdf (37)

Sdsum , -

Sbdose T

Radionuclides contained in Libraries

MNS4 [ofe]=10) NIG3 KR85 SRS0O
RU106 TE125 1129 CS134 Cs137
TU208 BI210 po210 # PB210 BI212
BI214 /PB214 P0214 P0O216 PO218
pU238 'PU239 PU240 PU241 AMZ41
P0210

“

The Chi/q value used for each sector

The date !

Dose factor variable

Unit conversion factor

Inhalation dose factor 1iirary .

inhalation dose for each. inputted Radionuciide

summation of the Inhalation dose

Maximum Individual dose flag o

Accident case flag i

Radionuclide iibrary search filag

Inhalation dose for each nuclide for each sector

Radionuclide Inhalation doze percentages

Inhalation rate ’

Inhatation percentages summation

Wind Direction Code entared in an Accident Run

The number of Radionuciides

The number of annuli

Population for each sector

Radionuclide retzase guanity

Radionuc)ides used

The radionuclides library

Units convertion factor

Submersion dose factor library »

submersion dose for each inputted Radionuclide

Summation of the Submersion dose

submersion dose for each nuclide for each secter
&

N o

]

el

LT



00000000

e

21

O 00

Spert - Radionuclide Submersion dose percentages
Sspert - Submersion percentages summation

T - Time
Title - The title of the run
Wf(16) - Wind frequencies for each sector

[ g D L L L Y R R I LR L Y ¥

Dimension Chiq(ZO).HF(161.Pop(18.20).0(37)15df(37)
Characters5 Rn{37),RMib(37)

Character Days*9,Titles65

Character:3 Hind(16)

Real 1cf.Ir,Scf,ldose(37),Indo: t,Sdose(37),Sbdose,1df(37)
+ , Ipert, Idsum, Ispert

Data Rnlib /' H3’,’ C14’,’ MN54‘’,’ COB0’,’ NIB3’,’ KR85',
‘ SR90’,“ Y90’,’ NBS5’,’RU10B‘,’'TE125’,’ I129',’CS134/,
’CS137',’CE144‘, 'EU154','BI210','PB210’, ‘PB212', 'PB214/,
‘RN220°, ‘RN222', ‘PU238', ‘PU239', 'PU240’, ‘PU241’, 'AM241 ',
‘CM242', 'CM244/,'P0210','BI212’,'BX214/, ‘TU208/, 'PO218',
‘PO214°','PO216‘, 'PO212"/ :

+F 4+

Data Idf /6.3E-2,2.4£E-2,6.3,1.5€2,3.1,-99.99,1.3E3,8.1,4.4,4.4E2,
6.7.1.7€2,4.8E1,3.2E1,3.5E2,2.6E2, 1.9E2, 1.3E4, 1.6E2,
6.7,-99.99,-99.99,4.4E5,5.2E5,5.2E5, 1.0E4,5. 2E5,
1.7E4,2.7E5,7.88E3,1.74E1,5.92,8.10E-3,1.981E1,0.0,
0.0,0.0/

+ 4+ 4+ 4+

Data Sdf /0.0,2.18E5,4.44E9,1.31€10,0.0,2,66E7,1.07E7,7.33E7,
4.03E9.0.0,5.03E7,4.29€7,8. 14E9,8.36E6,9.44E7,6.59E9,
2.B4E7,8,85E6,7.55E8,1,.28E9,2.67E6, 1.98E6,4.7E5,4.26ES5,
4.,63E5,0.0,9.66E7,5.25E5,4.48E5,0.0,8.25E9,4.4E5,
4.48E4,7.68E4,1.01E8,0.0,2.01E10/

+F + 4+

Data Wind /’ N’,/NNE’,’ NE’,’ENE’,’ E’,’ESE’,’ SE’,'SSE‘,’ §S’,

+ ISSW/, 7 SW/,/WSW/, 7 W/ 'NNW/,/ NW/,'NNW//
Scf=3.17£-08 ! {Micro-Ci{ ) x m**3 x yr/C{ x CM**3 x Sec
lcf=11.57 ! Day x (Micro-Ci) / sec x Ci
Ir=20. t M*x3 x (air breathed) / day

Do In=1, 10000
K 1s number of Radionuclides N is number of annuli:

Read(8,21,end=988)Title
Format(a85)
Read(8,*)N,K,T,Iflag, 1f1ag2
1f(if1ag .gt. OIN=1
Read(8,#)(Chiq(I),I=1,N)
Read(8, 1)(Rn(I),I=1 K)
Read(8,*)(Q(I),I=1,K)

If1ag check for Maximum Individual Dose Run
If(1¢1ag.gt.0)then o
Pop(1,1)=1

WE(1)21 , \ ¢
End 1f

100



c 1f1ag2 check for Accident Case Run

1f(1flag2.gt.0)then
t=1.0
1f(Iflag .le. O)then
Do i=1,18
Wf(1)20.0
Do j=1,20
Pop(1,j)1=0.0
End do
End do

c If not Maximum Individual run input the Wind direction and population

Read(8,*)Iwd, (Pop(Iwd,1),1=1,N)
WE(Iud)=1.0

end if
end {f
c
c Normal Case Population and Wind frequency Read
Cc
If(1flag.1e.o.and.iflagz.le.O)then
Read(8,*)(Wf(I),I=1,16)
Read(8,*)((Pop(1,J),I51,16),d=1,N)
End tf
1 Format(10a5)
c
o] Echo out the Input Variables
c
Call Date(Day)
vWrite(9,98)Day
99 Format(’1','tt:st:sx:ax*txlsdose v1,oxtg:=::xtttttttt:',5x,
$ ‘Date ’,a8,/)

Write(9,100)Title
100 Format(’/’,aB5/)

If(iflag2.gt.0)then
write(9,1003)
1003 Format('’ Accident Case Run ’/)
write(8,101)Chiq(1)
101 Format(’/ The X/Q s Used(sec/cubic meters;: ’,1pG13.86,)
Do 1=2,N
Write(9,i02)Chiq(i)
102 Format(’ ’,1pG13.6,)
End do N
Write(s,103) '
103 Format(/,’ The Radionuclides and Their Releases’,
$ ‘ct): ,/) ' ’
else
Write(®, 1005)T

1005 format(’  The Amount of Time is ’,f8.1,' years.'/)
Write(9, 101)Chiq(1)

4
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Do 122,N
¥rite(8, 102)Chiqli)
End do
write(9, 1035)
1035 Format(/,’ The Radionuclides and Their Releases’,
s ‘(Cilyr): *,/)
End {f
Po i=1,K
Write(9, 104)Rn(1),Q(1{)
104 Format(’ ‘,a5,5x,1pG13.6)
End do

1f(1flag.le.0)then
Write(8,105) )
105 Format(/’ Wind Frequencies and Populations:’/)
o Write(9,106)
106 format(4x,’ Wind Freq’,)
Do i=1,16
Write(9, 107 iWind({) ,WF({),(Pop(I,Jd),J=1,N)
107 Format(’ ‘,a3,F8.3,1x,12(F7.0, 1x))
End do
Else
write(9, 108)
108 _Format(//’ This is a Maximum Individual Dose Run’//)
End if

Idsum=0.
Sdsum=0.

Calculation of Inhalation Dose

(e e Ne NNl

Find inhalation Dose ﬁactors from the Library
Do J=1,K

Idose( j)=0.
Sdose( j )=0. L
Index=-5 : - % d

De 1=1,37
If(RN1ib(I).eq. Rn(d))Index 1
End do 4

c Test to see if Element is 1&111brary

If(Index.1t.0)then §
Write(9,10)Rn(J) |
10 Format(/’ **=Error -4{.A5,' is not in Nuclide Library’,
s ‘, input dataset skipped’)
Go to 998 S
end {f ' )

Dsf=1df(1ndex)tir kY

If(Dsf.1t1.0)Then ?
Write(9,20)Rn(J)

20 Format(/’ *s*sWarning --' A5. not in Inhalation Dose /,
o $ . ‘Factor Library, asaumed to be zero’)

J 102
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Dsf=0.0
End if

Do I=1,N
Do Ik=1,16
Indose=Q(J)*Chiq(I)sPop(lk,I)*Wf{Ik)=*Dsf .
ldose( j)=Indose+ldose(])
End Do
End Do . o

Cc Find the Submersion Dose Factor

Dsf=Sdf ( Index)*Scf
Do I=1,N
Do Ik=1,16
Sbdose=Q(J)*Chiq(I)*Pop(1k,I )*Wf(Ik)*Dsf
Sdose(j) = Sdose(j) +Sbdose
End Do
End Do

Idsum=1dsum + Idose(j) " AN
Sdsum=Sdsum + Sdose(j)

End do

o000

Print the Output ‘

Write(9,13)Title,Day
13 Format(’1/,a65, ' Late ’,a8,/)

Iftiflag2.le.0)then %

i

Write(9,49)
49 Format(’ Annual dose from_a 1 year release’,/)

» If(Iflag .le. Oithen N
Write(9,25)
Else
Write(s,2s)
End if

1spert=0.0 ! 7
Sspert=0.0
Do j=1,K
Ipert=(ldose(j)/Idsum)=*100.
Spert=(Sdose(j)/Sdsum)=*100.
Ispert=Ipert+lspert
Sspert=Spert+Sspert

. Write(s.SO)Rn(d),Idose(J),Ipert.Sdose(j).spart
430 Format(10x,A5,2(5x, 1pG13.5,5%,0pf6.2, ‘%’)}’
End do

Write(9,35)
35 Format(15x,5%,13(/-/),5x,6('-'),8x%,13('~’'),6x,8('~'))

103 . C



Write(8,40)1dsum, Ispert, Sdsum,Sspert
40 Format( 10x, ‘Total’,2(5x, 1pG13.5,5%,0pF6.2, '%’))
end if

- 1f(1flag2.gt.01then
Write(s, 14)
14 Format(’ ‘,//' 50 year dose commitment’/)
else oy
Write(9,15)7
- end {if

1f(Iflag .le. O)then

i Write(9,25)
4 G Else
Write(9,26)
End if
15 Format(’ ’,//’' 50 Year dose commitment from a ‘/,f8.3,
+ ! year release’/)
25 Format(/,7x, ‘Radionuclide’, 2x,
+ ‘Inhalation Dose(person-mrem)’,
+ 2x, ‘Submersion Dose(person-mrem)’/)
26 Format(/,7x.’Radionuclide’,2x,
+ ‘Inhalation Dose(mrem)’,
+ 9x, ‘Submersion Dose(mrem)’/)

Idsum=Idsum*t
sdsum=sdsum=t

Ispert=0.0

Sspert=0.0

Do j=1,K
ldose(J)=1dose(j)*t
Sdose( j)=Sdose(j)*t
Ipert=Idose(j)/Idsum*100.
Spert=Sdose(j)/Sdsum=*100.
Ispert=Ipert+Ispert
Sspert=Spert+Sspert

© Write(9,30)Rn(U),Idose(j), " art,Sdose(]),Spert
End do i

Write(9,35)
Write(8,40)Idsum, Ispert, Sdsur, Sspert
998 write(8,16)In
16 Format(///.’ ***End of Run Number’,i3)
AN

63
End do

988  Stop
End
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GEORGE T. CARDWELL
CELSIUS ENERGY COMPANY
NICK THOMAIDIS
CENTER FOR ENVIRONMENTAL HEALTH
CAMERON MCTDONALD VOWELL
CENTER FOR INTERDISCIPLINARY STUDIES
DAVID M. ARMSTRONG
CER CORPORATION
ELLA JACKSON
CHEVRON OIL FIELD RESEARCH COMPANY
BJORN PAULSSON
CITIZENS AGAINST NUCLEAR DISPOSAL INC
STANLEY D. FLINT
CLARK UNIVERSITY
JEANNE X. KASPERSON

l\"’):d

'CLEVELAND ELECTRIC ILhUMINAYING

COMPANY
CAYLE M. HUSTON
CLIFFS ENGINEERING INC
GARY D. AHO
COLBY COLLEGE
BRUCE F. RUEGER
COLORADO GEOLOGIC INC
MIKE E. BRAZIE .
COLORADO GEOLOGICAL SURVEY
JOHN W. ROLD
COLORADO SCHOOL OF MINES
W. HUSTRULID

' COLUMBIA UNIVERSITY

M. ASHRAF MAHTAB
CONNECTICUT DEPT OF ENVIRONMENTAL .
PROTECTION
KEVIN MCCARTHY
COPPE/UFR] o
LUIZ OLIVEIRA
CORNELL UNIVERSITY
ARTHUR L. BLOOM
DUANE CHAPMAN
FRED H. KULHAWY
ROBERT POHL .
CORSTAR RESEARCH INC
.. DOUGLAS K. VOGT
COUNCIL OF ENERGY RESOURCE TRIBES .
WYATT M. ROGERS, JR. .
DRE .
KARL J. ANANIA

d @
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DAMES & MDORE
" RON KI[AR
CHARLES R. LEWIS
DANIEL B. STEPHENS AND ASSOCIATES
ROBERT G. KNOWLTON, JK.,
DEAF SMITH COUNTY LIBRARY
DEPARTMENT OF THE NAVY
GENNARO MELLIS
DEPT OF ENERGY, MINES AND RESOURCES -
CANADA
A. 5. JUDGE
DESERET NEWS
JOSEPH BAUMAN
DEUTSCHE GESELLSCHAFT ZUM BAU UND
BETRIEB VON ENDLAGERN FUR
GERNOT GRUBLER
DISPOSAL SAFETY INC
BENJAMIN ROSS
DUNN GEOSCIENCE CORP
WILLIAM E. CUTCLIFFE
DVYNATECH RESEARCH/DEVELOPMENT
COMPANY
STEPHEN E. SMITH
E.l. DU PONT DE NEMOURS & CO
ANN L, P. LINDNER
E.R. JOHNSON ASSOCIATES INC
E. R. JOHNSON
G. L. JOHNSON
EARTH RESOURCE ASSOCIATES INC
SERGE GONZALES
EARTH SCIENCE AND ENGINEERING INC
LOU BLANCK
EARTH SCIENCES CONSULTANTS INC
HARRY L. CROUSE

EAST TENNESSEE STATE UNIVERSITY

AUBERT F. IGLAR
EBASCO SERVICES
GARRY MAURATH
ECOLOGY & ENVIRONMENT INC
MiCHAEL BENNER
ECOLOGY CENTER OF LOUISIANA
" ROSS VINCENT
EDISON ELECTRIC INSTITUTE
LORING E. MILLS
£G & G IDAHO INC
BRENT F. RUSSELL
ELECTRIC POWER RESEARCH INST!TUTE
CHAIM RRAUN
ELEKTRIZITAETS-GES. LAUFENBURG -
SWITZERLAND
H. N, PATAK

'ELSAM-~DENMARK

ARNE PEDERSEN
ENERGY FUELS NUCLEAR INC
DON M. PILLMORE
ENERGY RESEARCH GROUP INC
MARC GOLDSMITH

€4

< ENGINEERING ANALYSIS INC N

WILLIAM MULLEN
ENGINEERS INTERNATIONAL INC
LIBRARY

MADAM M. SINGH G

ENVIRONMENTAL DEFENSE FUND
JAMES 8, MARTIN
ENVIRONMENTAL POLICY INSTITUTE
DAVID M. BERRICK
ENVIROSPHERE COMPANY
ROGER G. ANDERSON
EXXON COMPANY
MICHAEL FARRELL
EXXON NUCLEAR COMPANY INC
GERALD 1, RITTER



F.J. SCHLUMBERGER
PETER ALEXANDER
FENIX & SCISSON INC
CHARLENE U. SPARKMAN
FERRIS STATE COLLEGE
MICHAEL E. ELLS
FINNISH CENTRE FOR RADIATION AND
NUCLEAR SAFETY
KAl JAKOBSSON
FLORIDA INSTIT JTE OF TECHNOLOGY
JOSEPH A. ANGELO, JR.
FLORIDA STATE UNIVERSITY
JOSEPH F. DONOGHUE
FLUID PROCESRES RESEARCH GROUP BRITISH
GEOLOGICAL SURVEY
NEIL A. CHAPMAN
FLUOR TECHNOLOGY INC
WILLIAM LEE (F2X)
THOMAS O. MALLONEE, JR (F2X)
FREIE UNIVERSITAET BERLIN
HANSKARL BRUEHL
FRIENDS OF THE EARTH
JEAN BROCKLEBANK
FUTURE RESOURCES ASSOCIATES INC
ROBERT |. BUDNITZ
GA TECHNOLOGIES INC
MICHAEL STAMATELATOS
GARTNER LEE ASSOCIATES LTD—CANADA
ROBERT E. ). LEECH
GEOLOGICAL SURVEY OF CANADA
JEFFREY HUME
LIBRARY
GEOLOGICAL SURVEY OF NORWAY
SIGURD HUSEBY
GEOMIN INC
I. A. MACHADO
GEORGIA INSTITUTE OF TECHNOLOGY
ALFRED SCHNEIDER
CHARLES E. WEAVER
GEOSTOCK--FRANCE
CATHERINE GOUGNAUD
GEOSYSTEMS RESEARCH INC
RANDY L. BASSETT "
GEOTHERMAL ENERGY INSTITUTE
DONALD F. X. FINN
GEOTRANS INC
JAMES MERCER
GESELLSCHAFT F. STRAHLEN U.
UMWELTFORSCHUNG M.B.H.—W. GERMANY
WOLFGANG BODE -
NORBERT JOCKWER
HANS W. LEVI
H. MOSER
GILBERT/COMMONWEALTH
JERRY L, ELLIS
GOLDER ASSOCIATES
MELISSA MATSON
). W. VOSS
GOLDER ASSOCIATES—CANADA
CLEMENT M. K. YUEN .
GOVERNORS NUCLEAR WASTE COUNCIL
. JOHN MORLEY
GRIMCO
DONALD H. KUPFER
GRUPPE OKOLOGIE (GOK)
JURGEN KREUSCH
GULF INTERSTATE ENGINEERING
THOMAS J. HILL
GUSTAVSON ASSOCIATES
RICHARD M. WINAR
H & R TECHNICAL ASSOCIATES INC
WILLIAM R. RHYNE
H. LAWROSKI & ASSOCIATES P.A.
HARRY LAWROSK!

H-TECH LABORATORIES INC
BRUCE HARTENBAUM
HANFORD OVERSIGHT COMMITTEE
LARRY CALOWELL
HART-CROWSER AND ASSOCIATES
MICHAEL BAILEY
HARVARD UNIVERSITY
CHARLES W. BURNHAM
DADE W. MOELLER
RAYMOND SIEVER
HARZA ENGINEERING COMPANY
PETER CONROY
HIGH LEVEL NUCLEAR WASTE OFFICE
PATRICK D. SPURGIN (20)
HIGH PLAINS WATER DISTRICT
DON MCREYNOLDS
A. WAYNE WYATT
HITACHI WORKS, HITACHI LTD
MAKOTO KIKUCHI
HOUGH-NORWOOD HEALTH CARE CENTER
GEORGE H. BROWN, M.D.
HUMBOLDT STATE UNIVERSITY
JOHN LONGSHORE
ILLINOIS DEPT OF NUCLEAR SAFETY
JOHN COOPER
TERRY R. LASH
ILLINOIS STATE GEOLOGICAL SURVEY
KEROS CARTWRIGHT
MORRIS W. LEIGHTON
E. DONALD MCKAY, 11}
IMPERIAL COLLEGE OF SCIENCE AND
TECHNOLOGY—ENGLAND
B. K. ATKINSON
INDIANA GEOLOGICAL SURVEY
MAURICE BIGGS
INDIANA UNIVERSITY
CHARLES J. VITALIANO
INSTITUT FUR TIEFLAGERUNG—W. GERMANY
WERNT BREWITZ
H. GIES
E:R. SOLTER
INSTITUTE FOR CHEMICAL TECHNOLOGY—W.
GERMANY
REINHARD ODO]J
INSTITUTE OF GEOLOGICAL SCIENCES—
ENGLAND »
STEPHEN THOMAS HORSEMAN
INSTITUTE OF PLASMA PHYSICS
H. AMANO
INSTITUTO DE INVESTIGACIONES Q.
FISCOQUIMICAS TEORICAS Y APLICADAS
). R. VILCHE
INTER/FACE ASSOCIATES INC
RON GINGERICH
INTERA TECHNOLOGIES INC
JAMES E. CAMPBELL
F. J. PEARSON, JR.
JOHN F. PICKENS
MARK REEVES _
INTERNATIONAL ENGINEERING COMPANY INC
MAX ZASLAWSKY
INTERNATIONAL RESEARCA AND EVALUATION
R. DANFORD
INTERNATIONAL SALT COMPANY

JOHN VOIGT s

IOWA STATE COMMERCE COMMISSION
IOWA STATE LINIVERSITY
BERNARD |. SPINRAD
IRAD-GAGE
R. BOYD MONTGOMERY
ISHIKAWAJIMA-HARIMA HEAVY INDUSTRIES
COMPANY LTD .
YRZO 1SOGA!

7
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ISTITUTO SPERIMENTALE MODELL! E STRUTTURE
S.P.A~ITALY
FERRUCCIO GERA
IT CORP
MORRIS BALDERMAN
PETER C. KELSALL
LIBRARY
CARL E. SCHUBERT
ITASCA CONSULTING GROUP INC
CHAKLES FAIRHURST
ROGER HART
1.E.T. AGAPITO & ASSOCIATES INC
MICHAEL P. HARDY
).L. MAGRUDIER & ASSOCIATES
J. L. MAGRUDER
JACOBY & COMPANY
CHARLES H. JACOBY
JAY L. SMITH COMPANY INC
JAY L. SMITH
JGC CORPORATION—JAPAN
MASAHIKO MAKINO
JOHNS HOPKINS UNIVERSITY
JARED L. COHON )
KALAMAZOO COLLEGE 4
RALPH M. DEAL
KANSAS DEPT OF HEALTH AND ENVIRONMENT
GERALD W. ALLEN
KANSAS STATE GEOLOGICAL SURVEY
WILLIAM W. HAMBLETON
KELLER WREATH ASSOCIATES
FRANK WREATH
KERNFORSCHUNGSZENTRUM KARLSRUHE
GMBH—W. GERMANY
K. D, CLOSS
R. KOESTER
KERNFORSCHUNGSZENTRUM UND
UNIVERSITAT—W. GERMANY
STEFAN GAHLERT
KETTERING FOUNDATION
ESTUS SMITH
KIEKSCH ASSOCIATES GEOSCIENCES/RESOURCES
CONSULTANTS INC
GEORGE A, KIERSCH, PH.D.
KIHN ASSOCIATES
HARRY KIHN
KIMBERLY MECHANICAL CONSULTANTS
KENNETH CROMWELL
KLM ENGINEERING INC
B. GEORGE KNIAZEWYCZ
KUTA RADIO
KUTV-TV
ROBERT LOY
LACHEL HANSEN & ASSOCIATES INC
DOUGLAS E. HANSEN
LAKE SUPERIOR REGION RADIOACTIVE WASTE
PROJECT
C. DIXON
LAWRENCE BERKELEY LABORATORY
JOHN A. APPS
EUGENE BINNALL
NORMAN M. EDELSTEIN
M. S. KING
E. MAJER
CHIN FU TSANG
J. WANG
LAWRENCE LIVERMORE NATIONAL
LABORATORY
EDNA M. DIDWELL
HUGH HEARD
FRANCOIS E. HEUZE
NAI-HSIEN MAO
LAWRENCE MCKAGUE
THOMAS E. MCKONE



)

WILLIAM |. OCONNELL
ABELARDIO RAMIREZ
LAWRENCE D, RAMSPOTT (2)
DAVID B. SLEMMONS
TECHNICAL INFG MATION DEPARTMENT
JESSE L. YOW, IR
LEAGUE OPPOSING SITE SELECTION
LINDA 5. TAYLOR
LEGISLATIVE COMMISSION ON SCIENCE &
TECHNOLOGY
DALE M. VOLKER
LEIGKTON AND ASSOCIATES INC
BRUCE R. CLARK
LIBRARY OF MICHIGAN
RICHARD ]. HATHAWAY
LOCKHEED ENGINEERING & MANAGEMENT
COMPANY
STEVE NACHT
LOS ALAMOS NATIONAL LABORATORY
ERNEST A. BRYANT
B. CROWE
AREND MEIJER
C. W. MYERS
DONALD T. OAKLEY
LOUISIANA DEPT OF ENVIRONMENTAL
QUALITY
L. HALL BOHLINGER (3)
LOUISIANA GEOLOGICAL SURVEY
RENWICK P. DEVILLE
JAMES ). FRILOUX
SYED HAQUE
LOUISIANA STATE UNIVERSITY
JEFFREY S. HANOR
LOUISIANA TECHNICAL UNIVERSITY
R. H. THOMPSON
LUMMUS CREST INC
JOHN PIRRO
LYLE FRANCIS MINING COMPANY
LYLE FRANCIS
M.J. OCONNOR & ASSOCIATES LTD
M. |. GCCONNOR
MARTIN MARIETTA
CATHY 5. FORE
MARYLAND DEPT OF HEALTH & MENTAL
HYGIENE
MAX EISENBERG
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
RICHARD K. LESTER
DANIEL METLAY
MATERIALS RESEARCH LABORATORY LTD—
CANADA
S. SINGH
MCDERMOTT INTERNATIONAL
KAREN L. FURLOW
MCMASTER UNIVERSITY—CANADA
L. W. SHEMILT
MELLEN GEOLOGICAL ASSOCIATES INC
FREDERIC F. MELLEN
MEMBERS OF THE GENERAL PUBLIC
DONNA AHRENS
ROGER H. BROOKS
LAWRENCE CHASE, PH.D.
TOM & SUSAN CLAWSON
VICTOR J. COHEN
ROBERT DEADMAN
GHISLAIN DEMARSILY
GERALD A. DRAKE, M.D.
ROBERT EINZIGER
WARREN EISTER
CARL A. GIESE
KENNETH GUSCOTT |
MICHAEL T. HARRIS
MICHAEL R, HELFERT

JOSEPH M. HENNIGAN,
B. JEANINE HULL
CHARLES B. HUNT
DOROTHY HUSEBY
HAROLD L. JAMES
KENNETH S. JOHNSON
LINDA LEHMAN
CLIVE MACKAY
STEVEN ]. MAHERAS
DUANE MATLOCK
W. D. MCDOUGALD
MAX MCDOWELL
A. ALAN MOGHISS!
F. L. MOLESKI
TONY MORGAN
CAROLINE PETT!
L. M. PIERSON
RUS PURCELL
PETER [. SABATINL, R.
ZUBAIR SALEEM
OWEN SEVERANCE
- LEWIS K. SHUMWAY
HARRY W. SMEDES
P. E. STRALEY-GREGA
M. |. SZULINSKI
SUSAN D. WILTSHIRE
MERRIMAN AND BARBER CONSULTING
ENGINEERS INC
GENE R. BARBER
MESA VERDE GAS & OIL COMPANY
ELLIOTT A. RIGGS
MICHAEL BAKER, JR. INC
C. 1. TOUHILL
MICHIGAN DEPT OF PUBLIC HEALTH
ARTHUR W. BLOOMER
ERIC SCHWING
MICHIGAN DISTRICT HEALTH DEPT NO. 4
EDGAR KREFT
MICHIGAN ENVIRONMENTAL COUNCIL
ROOM 305
MICHIGAN GEOLOGICAL SURVEY
ROBERT C. REED
MICHIGAN PUBLIC SERVICE COMMISSION
RON CALLEN
MICHIGAN UNITED CONSERVATION CLUBS
WAYNE SCHMIDT
MIDDLETON LIBRARY
M. S. BOLNER
MINE CRAFT INC
NORBERT PAAS
MINNESOTA GEOLGGICAL SURVEY
MATT S. WALTON (10
MISSISSIPPI ATTORNEY GENERALS OFFICE
... MACK CAMERON
MISSISSIPPI BUREAU OF GEOLOGY
MICHAEL B. E. BOGRAD
MISSISSIPPI DEPT OF ENERGY AND
TRANSPORTATION
RONALD |. FORSYTHE (3
KELLY HAGGARD
MISSISSIPPI DEPT OF NATURAL RESOURCES
ALVIN R. BICKER, JR.
CHARLES L. BLALOCK
MISSISSIPPI MINERAL RESOURCES INSTITUTE
MISSISSIPPI STATE DEPT OF HEALTH
EDDIE S. FUENTE
GUY R. WILSON
MISSISSIPPI STATE UNIVERSITY
TROY ). LASWELL
MITRE CORP
LESTER A, ETTLINGER
MONTICELLO NUCLEAR WASTE INFORMATION
OFFICE
CARL EISEMANN (2)
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MORRISON-KNUDSEN COMPANY INC
BILL GALE
MICHELLE L. PAURLEY
NAGRA—SWITZERLAND
CHARLES MCCOMBIE
NATIONAL ACADEMY OF SCIENCES
JOHN T. HOLLOWAY
NATIONAL BOARD FOR SPENT NUCLEAR FUEL,
KARNBRANSLENAMDEN—SWEDEN
NILS RYDELL
NATIONAL HYDROLOGY RESEARCH
INSTITUTE—CANADA
DENNIS J. BOTTOMLEY
K. U. WEYER
NATIONAL PARK SERVICE
CECIL D. LEWIS, JR.
L. L. MINTZMEYER
PETER L. PARRY
NATIONAL PARKS & CONSERVATION
ASSOCIATION
TERRI MARTIN
NATIONAL SCIENCE FOUNDATION
ROYAL E. ROSTENBACH
NATIONAL WATER WELL ASSOCIATION
VALERIE ORR
NEW HAMPSHIRE HOUSE OF REPRESENTATIVES
M. ARNOLD WIGHT, JR.
NEW MEXICO BUREAU OF GEOLOGY
BILL HATCHELL
NEW MEXICO ENVIRONME“?AI. EVALUATION
GROUP
ROBERT H. NEILL
NEW MEXICO INSTITUTE OF MINING AND
TECHNOLOGY
JOHN L. WILSON
NEW YORK DEPT OF HEALTH
. DAVID AXELROD, M.D.
NEW YORK ENERGY RESEARCH &
DEVELOYMENT AUTHORITY
JOHN P. SPATH (8}
NEW YORK STATE ASSEMBLY
WILLIAM 8, HOYT
NEW YORK STATE ATTORNEY GENERALS OFFICE
PETER SKINNER
NEW YORK STATE DEPT OF ENVIRONMENTAL
CONSERVATION
PAUL MERGES
NEW YORK STATE ENVIRONMENTAL FACILITIES
CORP
PICKETT T. SIMPSON
NEW YORK STATE GEOLOGICAL SURVEY
JAMES R. ALBANESE
ROBERT H. FICKIES
NEW YORK STATE HEALTH DEPT
JOHN MATUSZEK
NEW YORK STATE PUBLIC SERVICE
COMMISSION
FRED HAAG
NEYER, TISEO, & HINDO LTD
. KALR. HINDO
NIAGARA MOHAWK P(SWER CORPORAT((JN
GERALD K. RHODE'
NORTH CAROLINA STATE UNIVERSITY
M. KIMBERLEY
NORTH DAKOTA GEOLOGICAL SURVEY
DON L. HALVORSON
NORTHWESTERN UNIVERSITY
BERNARD J. WOOD
NUCLEAIRE HYDRO LTD
JOHN WILLIAM KENNEY, (1
NUCLEAR ASSURANCE CORP
JOHN' V. HOUSTON
NUCLEAR ENERGY AGENCY/OECD—FRANCE
ANTHONY MULLER




¥
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NUCLEAR REGULATORY COMMISSION
BANAD N, JAGANNATH
NUCLEAR SAFETY RESEARCH ASSOCIATION
HIDETAKA ISHIKAWA
NUCLEAR WASTE CONSULTANTS
ADRIAN BROWN
NUS CORP
W. G, BELTER
RODNEY . DAVIS
JUAN M, NIETO
DOUGLAS D. ORVIS
YONG M. PARK
NWT CORP
W. L. PEARL
OAK RIDGE NATIONAL LABORATORY
). O. BLOMEKE
H. C. CLAIBORNE
ALLEN G. CROFF
LESLIE R. DOLE
DAVID C. KOCHER
T. F. LOMENICK
£. M. OBLOW
FRANCOIS G. PIN
ELLEN D. SMITH
SUSAN K, WHATLEY
OHNIO DEPT OF HEALTH
ROBERT M. QUILLIN
OHIO ENVIRONMENTAL PROTECTION AGENCY
HAROLD W. KOHN
OKLAHOMA STATE DEPT OF HEALTH
R. L. CRAIG
ONTARIO DEPT OF CIVIL ENGINEERING
F. SYKES
ONTARIO HYDRO~CANADA
R. W. BARNES
J. A. CHADHA
K. A. CORNELL
C. F. LEE
ONTARIO RESEARCH FOUNDATION—CANADA
LYDIA M., LUCKEVICH
ONWI
IAMES R. SCHORNHORST
ORANGE COUNTY COMMUNITY COLLEGE
LAWRENCE E. OBRIEN
OREGON DEPT OF ENERGY
DAVID A. STEWART-SMITH
ORGANIZATION FOR ECONOMIC
COOPERATION AND DEVELOPMENT—FRANCE
STEFAN G. CARLYLE
PACIFIC NORTHWEST LABORATORY
DON ). BRADLEY
H. C. BURKHOLDER
JOHN B. BURNHAM
T. D. CHIKALLA
CHARLES R. COLE
FLOYD N. HODGES
J. H. JARRETT
CHARLES T. KINCAID
. MAX R. KREITER
J. M. LATKOVICH
J. M. RUSIN
R. JEFF SERNE
STEVEN C. SNEIDER
R. E. WESTERMAN
PARSONS BRINCKERHOFF QUADE & DOUGLAS
INC
T. R. KUESEL
ROBERT PRIETO
PARSONS BRINCKERHOFF/PB-KBB
J. R, SCHMEDEMAN
PARSONS-REDPATH
KRISHNA SHRIYASTAVA
GLEN A. STAFFORD

PB-KBB INC
JUDITH G. HACKNEY
PENNSYLVANIA STATE UNIVERSITY
MICHAEL GRUTZECK
DELLA M. ROY
WILLIAM B. WHITE
PERRY COUNTY CITIZENS AGAINST NUCLEAR
WASTE DISPOSAL
DOROTHY G. COLE
DURLEY HANSEN
PHYSIKALISCH-TECHNISCHE BUNDESANSTALT~
W. GERMANY
PETER BRENNECKE
POBERESKIN INC
MEYER POBERESKIN
POTASH CORPORATION OF SASKATCHEWAN -
CANADA
GRAEME G. STRATHDEE
POTASH CORPORATION OF SASKATCHEWAN
MINING LIMITED
PARVIZ MOTTAHED
POWER REACTOR AND NUCLEAR FUEL
DEVELOPMENT CORP—JAPAN
PRESEARCH INC
MARTIN S. MARKOWICZ
PROGRAM REVIEW COMMITTEE
THOMAS H. LANGEVIN
PUBLIC SERVICE ELECTRIC & GAS
JOHN ], MOLNER
R.). SHLEMON AND ASSOCIATES INC
R. ). SHLEMON
RADIAN CORPORATION
RICHARD STRICKERT
RANDALL COUNTY LIBRARY
RAYMOND KAISER ENGINEERS
W. |. DODSON
RE/SPEC INC
GARY D. CALLAHAN
PAUL F. GNIRK
RENEWABLE ENERGY COUNCIL OF NORTH
CAROLINA
JANE SHARP
RENSSELAER POLYTECHNIC INSTITUTE
BRIAN BAYLY -
RHODE ISLAND OFFICE OF STATE PLANNING
BRUCE VILD
RISO NATIONAL LABORATORY—DENMARK
LARS CARLSEN
ROCKWELL HANFORD OPERATIONS
RONALD C. ARNETT
JAMES L. ASH
- HARRY BABAD
G. S. BARNEY
BRAD ERLANDSON
SALLY C. FITZPATRICK
KUNSOO KIM :
MICHAEL }. SMITH
ROCKWELL INTERNATIONAL ENERGY SYSTEMS
GROUP
ROGERS & ASSOCIATES ENGINEERING CORP
ARTHUR A. SUTHERLAND
ROY F, WESTON INC
DAVID F. FENSTER
MARTIN HANSOM
VIC MONTENYOHL
SAM PANNO
JILL RUSPI
LAWRENCE A. WHITE
ROYAL INSTITUTE OF TECHNOLOGY—SWEDEN !
IVARS NERETNIEKS
ROGER THUNVIK
ROYCES ELECTRONICS INC
ROYCE HENNINGSON

o
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S.E. LOGAN & ASSOCIATES INC
STANLEY E. LOGAN
SALY LAKE CITY TRIBUNE
JIM WOOLF
SAN DIEGO GAS & ELECTRIC COMPANY
LOUIS BERNATH
SAN JOSE STATE UNIVERSITY SCHOOL OF
ENGINEERING
R. N. ANDERSON
SAN JUAN RECORD
JOYCE MARTIN
SANDIA NATIONAL LABORATORIES
JOY BEMESDERFER
MARGAREFT S, CHU
ROBERT M. CRANWELL
JOE A. FERNANDEZ
ROBERT GUZOWSKI
THOMAS O. HUNTER
A. R. LAPPIN
MARTIN A, MOLECKE
JAMES T. NEAL
E. J. NOWAK
SCOTT SINNOCK
LYNN D, TYLER
WENDELL WEART ,
SARGENT & LUNDY ENGINEERS
LAWRENCE L. HOLISH
SAVANNAH RIVER LABORATORY
E. J. HENNELLY
CAROL JANTZEN
WILLIAM R. MCDONELL
SCIENCE APPLICATIONS INTERNATIONAL CORP
JEFFREY ARBITAL
MARY LOU BROWN
JERRY . COHEN
BARRY DIAL
JAMES E. HAMMELMAN
ROBERT R. JACKSON
DEAN C. KAUL
DAVID H. LESTER
PETER E. MCGRATH
JOHN E. MOSIER
DOUGLAS A. OUTLAW
HOWARD PRATT
4 MICHAEL E. SPAETH
ROBERT T. STULA
M. D. VOEGELE
KRISHAN K. WAHI
SENECA COUNTY DEPT OF PLANNING &
DEVELOPMENT
SHAFER EXPLORATION COMPANY
WILLIAM E. SHAFER
SHANNON & WILSON INC
HARVEY W. PARKER
FRANK S. SHURI
SHIMIZU CONSTRUCTION COMPANY
LYD—JAPAN
TAKASHI ISHII
SIERRA CLUB
MARVIN RESNIKOFF
SIERRA CLUB—COLORADO OPEN, SPACE
COUNCIL
ROY YOUNG
SIERRA CLUB LEGAL VEFENSE FUND
H. ANTHONY RUCKEL
SIMECSOL CONSULTING ENGINEERS—FRANCE
MATTHEW LEONARD
SKBF/KBS—~SWEDEN
C. THEGERSTROM
SOGO TECHNOLOGY INC
TIO C. CHEN
SOUTH DAKOTA GEOLOGICAL SURVEY
MERLIN ). TIPTON




SOUTH DAKOTA OFFICE OF ENERGY POLICY
STEVEN M. WEGMAN

SOUTHERN CALIFORNIA EDISON CO
JOHN LADESICH

SOUTHWEST RESEARCH AND INFORMATION

CENTER

DON HANCCCK

SPRING CREEK RANCH !
DALTON RED BRANGUS

SRI INTERNATIONAL (PS 285)
DIGBY MACDONALD

ST & E TECHNICAL SERVICES INC
STANLEY M. KLAINER

STANFORD UNIVERSITY
KONRAD B. KRAUSKOPF
GEORGE A. PARKS
IRWIN REMSCN

STATE PLANNING AGENCY
GREGG LARSON .

STATE UNIVERSITY OF NEW YORK AT

CORTLAND

JAMES E. BUGH

STONE & 'WEBSTER ENGINEERING CORP
NANCY E. PEARSON
JOHN PECK
EVERETT M. WASHER

STUDIO GEOLOGICO FOMAR—ITALY
A. MARTORANA  ~

STUDSVIK ENERGITEKNIK AB—SWEDEN
AKE HULTGREN
ROLF S)OBLOM

SWEDISH GEOLOGICAL
LEIF CARLSSON

SWISHER COUNTY LIBRARY

SYRACUSE UNIVERSITY
WALTER MEYER
J. E. ROBINSON (-&

SYSTEMS SCIENCE AND SOFTWARE
PETER LAGUS

TECHNICAL INFORMATION PROJECT
DONALD PAY

TERRA TEK INC .
DANIEL D. BUSH

TERRAFORM ENGINEERS INC
FRANCIS S. KENDORSK!

TEXAS A & M UNIVERSITY
JOHN HANDIN
JAMES E. RUSSELL

TEXAS BUREAU OF ECONOMIC GEOLOGY
WILLIAM L. FISHER

TEXAS DEPT OF HEALTH
DAVID K. LACKER

TEXAS DEPT OF WATER RESOURCES
T. KNOWLES

TEXAS GOVERNORS OFFICE
STEVE FRISHMAN

TEXAS STATE HOUSE OF REPRESENTATIVES
JULIE CARUTHERS

TEXAS TECHNICAL UNIVERSITY
C. C. REEVES, JR.

TEXAS WORLD OPERATIONS INC
DAVID JEFFERY

THE ANALYTIC SCIENCES CORP %
JOHN W, BARTLETT
CHARLES M. KOPLIK

THE BENHAM GROUP
KEN SENOUR

THE DAILY SENTINEL
JIM SULLIVAN

THE EARTH TECHNOLOGY CORP
FRED A. DONATH (2)
JOSEPH G. GIBSON
DAN MELCHIOR

JAMES R. MILLER
FIA VITAR
MATT WERNER
KENNETH L. WILSON
THE RADIOACTIVE EXCHANGE
EDWARD L. HELMINSK!
THE SEATTLE TIMES
ELOUISE SCHUMACHER
THOMSEN ASSOCIATES
C. T. GAYNOR, i1
TIMES-PICAYUNE
MARK SCHLEIFSTEIN
TIOGA COUNTY PLANNING BOARD
THOMAS A. COOKINGHAM
U.H.D.E.~W. GERMANY
FRANK STEINBRUNN
U.S. ARMY CORPS OF ENGINEERS
DON BANKS
ALAN BUCK
U.S. BUREAU OF LAND MANAGEMENT
GREGORY F. THAYN
U.S. BUREAU OF MINES
ANTHONY IANNACCHIONE
U.S. BUREAU OF RECLAMATION
ATTN:
JOHN BROWN
U.S. DEPT OF COMMERCE
PETER A. RONA
U.S. DEPT OF ENERGY
RICHARD BLANEY
REBECCA BOYD
C. R. COOLEY (2)
R. COOPERSTEIN
NEAL DUNCAN
JIM FIORE
LAWRENCE H. HARMON
CARL NEWTON
MICHAELENE PENDLETON (2)
PUBLIC READING ROOM
JANIE SHAHEEN
U.S. DEPT OF ENERGY—CHICAGO OPERATIONS
OFFICE
ERIC ). MOTZ
PUBLIC READING ROOM
R. SELBY
U.S. DEPT OF ENERGY—ENGINEERING AND
LICENSING DIVISION
RALPH STEIN
U.S. DEPT OF ENERGY—IDAHO OPERATIONS
OFFICE
JAMES F. LEONARD
PUBLIC: READING ROOM
U.S. DEPT OF ENERGY - OAK RIDGE
OPERATIONS OFFICE
PUBLIC READING ROOM
U.S. DEPT OF ENERGY—OFFICE OF ENERGY
RESEARCH
FRANK ). WOBBER
U.S. DEPT OF ENERGY—O0STI (317)
U.S. DEPT OF ENERGY—RICHLAND OPERATIONS
OFFICE
D. H.: DAHLEM
U.S. DEPT OF ENERGY—SALT REPOSITORY
PROJECT OFFICE
J. O. NEFF .
U.S. DEPT OF ENERGY - SAN FRANCISCO
OPERATIONS OFFICE
PUBLIC READING ROOM
U.S. DEPT OF ENERGY—WIPP
ARLEN HUNT
U.S. DEPT OF LABOR
KELVIN K. WU
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U.S. DEPT OF THE INTERIOR
F. L. DOYLE
PAUL A. HSIEH
U.S. ENVIRONMENTAL PROTECTION AGENCY
JAMES NEIHEISEL
U.S. ENVIRONMENTAL PROTECTION AGENCY—
DENVER REGION Vil
PHIL NYBERG
U.S. GEOLOGICAL SURVEY
GEORGE A. DINWIDDIE
VIRGINIA M., GLANZMAN
DARWIN KNOCHENMUS
GERHARD W. LEO
EDWIM ROEDDER
JACOU RUBIN
RAYMOND D. WATTS
U.S. GEOLOGICAL SURVEY—-COLUMBUS
A. M. LA SALA, JR,
U.S. GEOLOGICAL SURVEY--DENVER
M. S. BEDINGER
JESS M. CLEVELAND
ROBERT J. HITE
FREDERICK L. PAILLET
WILLIAM WILSON
U.S. GEOLOGICAL SURVEY—JACKSON
GARALD G. PARKER, JR.
U.S. GEOLOGICAL SURVEY—MENLO PARK
MICHAEL CLYNNE
U.S. GEOLOGICAL SURVEY—RESTON
I-MING CHO"!
NEIL PLUMMER
EUGENE H. ROSEBOOM, R,
DAVID B. STEWART
NEWELL ). TRASK, JR,
U.S. NUCLEAR REGULATORY COMMISSION
R. BOYLE
KIEN C. CHANG
EILEEN CHEN
F. ROBERT COOK
DOCKET CONTROL CENTER
GEQSCIENCES BRANCH
CLYDE JUPITER
PHILIP S, JUSTUS
WALTON R. KELLY
KYO KIM
H. E. LEFEVRE
WILLIAM D, LILLEY
JOHN C. MCKINLEY
EDWARD OCONNELL
SYLVIE L. OLNEY
JEROME R. PEARRING
JACOB PHILIP
DAVID M. ROHRER
FREDERICK W, ROSS
R. JOHN STARMER
JOHN TRAPP
TILAK R. VERMA
MICHAEL WEBER
U.S. SENATE
CARL LEVIN
UNION OF CONCERNED SCIENTISTS
MICHAEL FADEN
UNITED KINGDOM ATOMIC ENERGY
AUTHORITY
A. B. LIDIARD
UNITED KINGDOM DEPT OF THE
ENVIRONMENT
F. S. FEATES
UNIVERSITE DU QUEBEC EN ABITIBI-
TEMISCAMINGUE
AUBERTIN MICHEL
UNSVERSITY OF ALBERTA—CANADA
F. W. SCHWARTZ
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APPENDIX C
DOCUMENTATION FOR ISDOSE RADIOLOGICAL

ASSESSMENT SIMPLE CODE

References cited within this Appendix are included in Chapter 7,
References, . ” the main report.
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UNIVERSITY OF ARIZONA
JAAK DAEMEN
STANLEY N. DAVIS
1. W. FARMER
KITTITEP FUENKAJORN
AMITAVA GHOSH
JAMES G. MCCRAY
ROY G. POST

UNIVERSITY OF BRITISH COLUMBIA - CANADA
R. ALLAN FREEZE

UNIVERSITY OF CALIFORNIA AT BERKELEY
TODD LAPORTE

UNIVERSITY OF CALIFGRNIA AT LOS ANGELES
D. OKRENT

UNIVERSITY OF CALIFORNIA AT RIVERSIDE
LEWIS COHEN

UNIVERSITY OF DELAWARE
FRANK A. KULACKI

UNIVERSITY OF ILLINOIS AT URBANA—

CHAMPAIGN

ALBERT ). MACHIELS
MAGD! RAGHEB.

UNIVERSITY OF LOWELL
JAMES R. SHEFF

UNIVERSITY OF MARYLAND
AMERICAN NUCLEAR SOCIETY
LUKE L. Y. CHUANG

UNIVERSITY OF MASSACHUSETTS
GEORGE MCGILL

UNIVERSITY OF MISSOURI AT COLUMBIA
W. D. KELLER

UNIVERSITY OF MISSOURI AT KANSAS CITY
EDWIN D. GOEBEL
SYED E. HASAN

UNIVERSITY OF MISSOURI AT ROLLA
ALLEN W, HATHEWAY
ARVIND KUMAR

UNIVERSITY OF NEVADA AT RENO
BECKY WEIMER-MCMILLION

UNIVERSITY OF NEW MEXICO
DOUGLAS G. BROOKINS
RODNEY C. EWING

UNIVERSITY OF NORTH CAROLINA
STEPHEN B. HARPER

UNIVERSITY OF PITTSBURGH
B. L. COHEN

UNIVERSITY OF RHODE ISLAND
EDWARD P. LAINE

UNIVERSITY OF ROCHESTER
DAVID ELMORE

UNIVERSITY OF SOUTHERN MISSISSIPPI
CHARLES R. BRENT
GEORGE F. HEPNER
DANIEL A. SUNDEEN

UNIVERSITY OF TEXAS AT AUSTIN
BUREAU OF ECONOMIC GEOLOGY

[

CAROLYN E. CONDON
MARTIN P. A. JACKSON
PRISCILLA P. NELSON
JOHN M. SHARP, JR.

UNIVERSITY OF TEXAS AT SAN ANTONIO
DONALD R. LEWIS

UNIVERSITY OF TOLEDO
DON STIERMAN

UNIVERSITY OF UTAH
THURE CERLING
STEVEN J. MANNING W
MARRIOTT LIBRARY
JAMES A. PROCARIONE
GARY M. SANDQUIST
LEE STOKES

UNIVERSITY OF UTAH RESEARCH INSTITUTE
LIBRARY
DUNCAN FOLEY
HOWARD P. ROSS

UNIVERSITY OF WASHINGTON
DAVID BODANSKY
M. A. ROBKIN

UNIVERSITY OF WATERLOO
CHRIS FORDHAM

UNIVERSITY OF WISCONSIN
B. C. HAIMSON

UNIVERSITY OF WISCONSIN—MILWAUKEE
HOWARD PINCUS

UNIVERSITY OF WYOMING
PETER HUNTOON

URS/JOHN A, BLUME & ASSOCIATES, ENGINZERS
ANDREW B. CUNNINGHAM

UTAH DEPT OF TRANSPORTATION
DAVID LLOYD

UTAH DIVISION OF ENVIRONMENTAL HEALTH
TONt K. RISTAU

UTAH DIVISION OF PARKS & RECREATION
GORDON W, TOPHAM

UTAH GEOLOGICAL AND MINEPAL SURVEY
MAGE YONETANI

UTAH SOUTHEASTERN DISTRICT HEALTH

DEPARTMENT

ROBERT L. FURLOW

UTAH STATE GEOLOGIC TASK FORCE
DAVID D. TILLSON

UTAH STATE UNSVERSITY
DEPT OF GEOLOGY 07

VANDERBILT UNIVERSITY
FRANK L. PARKER

VERMONT HOUSE OF REPRESENTATIVES
RALPH G. WRIGHT

VERMONT STATE NUCLEAR ADVISORY PANEL
VIRGINIA CALLAN

VIRGINIA DEPT OF HEALTH
ROBERT G. WICKLINE

110 ¢

VIRGINIA. POWER COMPANY
B. H. WAKEMAN
WASHINGTON HOUSE OF REPRESENTATIVES
RAY ISAACSON
WASHINGTON STATE DEPT OF ECOLOGY
DAVID W. STEVENS
WASHINGTON STATE UNIVERSITY
NACHHATTER S. BRAR
WATTLAB
BOB E. WATT
WEST VALLEY NUCLEAR SERVICES COMPANY
INC
LARRY R. EISENSTATT
WESTERN MICHIGAN UNIVERSITY
ROBERT KAUFMAN
W. THOMAS STRAW
WESTERN STATE COLLEGE
FRED R, PECK
WESTINGHOUSE ELECTRIC CORP
GEORGF V. B, HALL
JAMES H. SALING
WIPP PROJECT
WESTINGHOUSE IDAHO NUCLEAR COMPANY
INC
= NATHAN A, CHIPMAN
WESTON GEOPHYSICAL CORPORATION
JOHN P. IMSE
WILLIAMS AND ASSOCIATES INC
GERRY WINTER
WILLIAMS BROTHERS ENGINEERING COMPANY
MICHAEL CONROY
WISCONSIN DEPT OF NATUPRAL RESOURCES
DUWAVYNE F. GEBKEN
WISCONSIN DIVISION OF STATE ENERGY
ROBERT HALSTEAD
WISCONSIN STATE SENATE
JOSEPH STROHL
WISCONSIN WATER RESOURCES MANAGEMENT
SALLY ). KEFER
WITHERSPOON, AIKEN AND LANGLEY
RICHARD FORREST
WOODWARD-CLYDE CONSULTANTS
TERRY A. GRANT
RANDALL L. LENTELL
ASHOK PATWARDHAN
GARY ROBBINS
WESTERN REGION LIBRARY
YALE UNIVERSITY
G. R, HOLEMAN
BRIAN SKINNER
YORK COLLEGE OF PENNSYLVANIA
JERI LEE JONES
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